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Quality,  and  Rainfall  Data-Collection  Programs  in  Hawaii 

By  Richard  A.  Fontaine 


Abstract 

This  report  documents  the  results  of  an  evalu¬ 
ation  of  the  surface-water  quantity,  surface-water 
quality,  and  rainfall  data-collection  programs  in 
Hawaii.  Fourteen  specific  issues  and  related  goals 
were  identified  for  the  surface-water  quantity  pro¬ 
gram  and  a  geographic  information  systems  (GIS) 
data  base  was  developed  summarizing  information 
for  all  surface-water  stream  gages  that  have  been 
operated  in  Hawaii  by  the  U.S.  Geological  Survey. 
Changes  in  status,  which  for  some  gages  includes 
discontinuing  operation,  need  to  be  considered  at 
42  sites  where  data  are  currently  collected. 

The  current  surface-water  quantity  data  base 
was  determined  to  be  adequate  to  address  only  two 
of  the  14  specific  issues  and  related  goals.  Alterna¬ 
tives  were  identified  to  address  the  areas  where  fu¬ 
ture  issues  and  goals  could  not  be  adequately 
addressed.  Options  include  new  and  expanded  data 
collection,  use  of  regional  regression  analyses,  hy¬ 
drologic  and  hydraulic  modeling,  and  analysis  and 
publication  of  existing  data.  A  total  of  47  streams 
were  identified  where  additional  stream-gaging 
stations  are  needed. 

Evaluation  of  the  surface-water  quality  pro¬ 
gram  was  limited  to  a  description  of  the  U.S.  Geo¬ 
logical  Survey’s  historical  and  existing  programs 
and  available  analyses  of  data.  Limitations  of  the 
program  are  described  which  primarily  included 
lack  of  data  regarding  suspended  sediment,  land- 
use  effects,  quality  of  stream  discharge  to  oceans, 
background  water  quality  and  nonpoint  sources  of 
contamination. 

Evaluation  of  the  rainfall  data  program  indi¬ 
cated  that  identified  future  goals  could  be  dis¬ 


cussed  as  either  regional,  systems  related,  current 
needs,  forecasting,  water  quality,  or  trend  analysis 
related. 

To  address  these  goals,  data  from  about  2,000 
rain  gages,  528  of  which  are  active,  are  available. 
Data  were  found  to  only  partially  meet  identified 
goals.  Alternatives  discussed  to  address  the  limita¬ 
tions  include  the  need  for  more  recording  gages, 
primarily  in  areas  of  high  rainfall.  Another  area  of 
concern  was  the  potential  that  many  plantations 
will  close  and  the  effect  these  closings  would  have 
on  continued  operation  of  the  important  long-term 
gages  they  operate. 

Evaluation  of  data-collection  programs  in  Ha¬ 
waii  needs  to  be  an  ongoing  process.  Equally  im¬ 
portant,  data  being  collected  need  to  be 
summarized  and  made  available  through  data  bases 
and  published  reports. 

INTRODUCTION 

Background 

Water  resources  of  the  State  of  Hawaii  are  limited 
but  vital.  The  limitations  of  the  resource,  coupled  with 
ever-increasing  water  requirements,  frequently  places 
water  users  in  direct  conflict  with  each  other  and  with 
the  environmentally  sensitive  and  unique  aquatic  eco¬ 
systems  on  the  islands.  The  need  to  clarify  water  rights 
throughout  the  State  led  to  the  enactment,  in  1987,  of 
the  State  Water  Code  to  “protect,  control,  and  regulate 
the  use  of  Hawaii's  water  resources  for  the  benefit  of  its 
people”  (Hawaii  Commission  on  Water  Resource  Man¬ 
agement,  1992a,  p.  II- 1). 

The  Commission  on  Water  Resource  Manage¬ 
ment,  Department  of  Land  and  Natural  Resources,  was 
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created  and  given  the  responsibility  to  oversee  imple¬ 
mentation  of  the  State  Water  Code.  The  Commission 
has  the  authority  and  responsibility  to  protect,  control, 
and  regulate  the  ground-water  and  surface-water  re¬ 
sources  of  the  State.  To  accomplish  this  task  the  Com¬ 
mission  needs  information  on  the  quality  and  quantity 
of  surface  water,  rainfall,  ground  water,  and  water  use, 
and  how  these  elements  interact  naturally  and  in  re¬ 
sponse  to  stresses. 

There  is  a  long  history  of  programs  that  were  es¬ 
tablished  to  collect  surface-water,  ground-water,  water- 
quality,  rainfall,  and  water-use  data  in  Hawaii.  These 
data-collection  programs  developed  over  a  number  of 
years  in  response  to  a  variety  of  needs.  These  needs 
were  often  site  and  area  specific.  Some  of  the  early 
needs  either  may  have  been  met  or  no  longer  exist.  It  is 
also  possible  that  the  data  required  to  meet  current  and 
future  needs  do  not  exist  and  are  not  currently  being  col¬ 
lected.  The  surface-water,  ground-water,  water-quality, 
rainfall,  and  water-use  data-collection  programs  in  Ha¬ 
waii  need  to  be  evaluated  in  light  of  recent  regulatory 
developments  to  determine  their  adequacy.  The  evalua¬ 
tion  is  important  because  budgetary  restrictions  exist 
and  it  may  not  be  possible  to  collect  all  the  data  re¬ 
quired. 

Previous  evaluations  of  data-collection  programs 
in  Hawaii  have  emphasized  either  the  description  and 
summary  of  available  data  (Giambelluca  and  others, 
1984:  Matsuoka,  1981:  and  Miyamoto  and  others, 
1986)  or  the  analysis  of  individual  elements  within  spe¬ 
cific  data-collection  programs  (Matsuoka  and  others, 
1985:  Nakahara,  1980:  Takasaki,  1977:  and  Yamanaga, 
1972).  Analysis  of  individual  programs,  for  example 
that  of  only  surface  water,  commonly  does  not  take  into 
account  the  interrelations  that  exist  among  the  various 
disciplines.  In  addition,  evaluations  have  commonly  fo¬ 
cused  on  individual  islands  and  not  the  State.  This  re¬ 
port  evaluates  the  surface-water  quantity,  surface-water 
quality,  and  rainfall  data-collection  programs  in  Hawaii 
and  is  the  result  of  a  cooperative  study  between  the  De¬ 
partment  of  Land  and  Natural  Resources  and  the  U.S. 
Geological  Survey. 

Purpose  and  Scope 

This  report  describes  an  evaluation  of  the  surface- 
water  quantity,  surface-water  quality,  and  rainfall  data- 
collection  programs  in  Hawaii  through  1994.  The  eval¬ 
uation  was  conducted  in  four  major  steps: 


1.  Current  issues  and  long-term  goals  for  the  data- 
collection  programs  were  determined.  The  issues  and 
goals  were  based  on  information  contributed  from 
State,  county,  local,  and  federal  agencies,  universities, 
major  water  users,  and  environmental  groups. 

2.  The  current  status  of  the  data-collection  pro¬ 
grams  were  described  and  a  geographic  information 
system  (GIS)  data  base  was  developed  summarizing  the 
historical  and  current  surface-water  quantity  gages  op¬ 
erated  in  Hawaii. 

3.  The  data-collection  programs  were  evaluated  to 
determine  first,  which  of  the  goals  identified  have  been 
achieved,  and  second,  which  programs  as  they  currently 
exist  are  adequate  to  address  goals  that  have  not  been 
achieved. 

4.  Alternative  data-collection  and  interpretive 
techniques  that  can  be  used  to  address  identified  defi¬ 
ciencies  in  the  current  data-collection  programs  were 
described. 

The  scope  of  the  work  was  limited  to  the  five  major 
Hawaiian  islands  of  Kauai,  Oahu,  Molokai,  Maui,  and 
Hawaii.  The  report  is  organized  into  three  sections,  one 
section  for  each  of  the  data-collection  programs  being 
evaluated.  Within  the  surface-water  quantity  and  rain¬ 
fall  sections  the  four  major  steps  in  the  evaluation  are 
discussed.  The  surface-water  quantity  section  focuses 
on  the  USGS  data-collection  programs  and  the  rainfall 
section  focuses  on  the  data-collection  programs  of  mul¬ 
tiple  agencies.  No  cooperative  program  between  the 
U.S.  Geological  Survey  and  the  Hawaii  Department  of 
Land  and  Natural  Resources  to  collect  surface-water 
quality  data  currently  exists.  Therefore,  the  evaluation 
of  the  surface-water  quality  program  was  limited  to  a 
description  of  historical  and  current  data-collection  ac¬ 
tivities,  a  discussion  of  the  availability  and  analyses  of 
data  collected,  and  a  summary  of  the  limitations  of  the 
program.  The  evaluation  of  the  surface-water  quantity, 
surface-water  quality,  and  rainfall  data-collection  pro¬ 
grams  will  be  presented  for  the  five  major  islands  as  a 
group. 

SURFACE-WATER  QUANTITY  DATA- 
COLLECTION  PROGRAM 

Issues  and  Goals  of  the  Program 

The  first  step  in  the  evaluation  of  the  surface-water 
data-collection  program  in  Hawaii  was  to  identify  spe- 
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cific  goals  against  which  the  adequacy  of  existing  data 
and  the  current  data-collection  program  could  be  re¬ 
viewed.  The  evaluation  proceeds  with  the  question  of 
whether  the  existing  data  are  sufficient  to  address  the 
identified  goals.  If  yes,  then  additional  data  collection  is 
not  warranted.  If  no,  then  can  the  present  data-collec¬ 
tion  program  be  expected  to  provide  the  data  required? 
If  the  answer  to  this  second  question  is  yes  then  no  im¬ 
mediate  changes  in  the  current  data-collection  program 
are  needed.  If  the  answer  is  no  then  alternative  data-col¬ 
lection  strategies  need  to  be  developed. 

Goals  for  the  surface-water  quantity  and  rainfall 
(discussed  later  in  the  report)  data-collection  programs 
are  based  on  information  provided  by  cooperating  agen¬ 
cies  (primarily  the  Hawaii  Department  of  Land  and  Nat¬ 
ural  Resources  and  the  U.S.  Geological  Survey)  and 
other  users  of  the  data.  In  this  study,  data  users  included 
State,  county,  local,  and  federal  agencies,  universities, 
major  water  users,  and  environmental  groups.  Evalua¬ 
tions  of  data-collection  programs  typically  rely  on 
methods  such  as  the  use  of  formal  written  question¬ 
naires  (W.O.  Thomas,  Jr.,  U.S.  Geological  Survey,  writ¬ 
ten  commun.,  1993).  In  this  study,  information  was 
obtained  using  a  combination  of  telephone  conversa¬ 
tions,  meetings,  and  written  requests.  In  addition,  re¬ 
views  of  existing  literature  such  as  the  State  Water  Code 
(State  of  Hawaii,  1990),  the  Hawaii  Water  Plan  (Hawaii 
Commission  on  Water  Resource  Management,  1990a, 
1991a,  1991b,  1991c,  1992a,  1992b,  1992c),  the  Hawaii 
Stream  Assessment  (Hawaii  Commission  on  Water  Re¬ 
source  Management,  1990b),  previous  evaluations  of 
the  Hawaii  surface-water  program  (Matsuoka  and  oth¬ 
ers,  1985  and  Yamanaga,  1972),  and  issues  surveys 
(Heitz,  1989)  provided  valuable  information. 

While  soliciting  information  regarding  the  data- 
collection  program,  two  facts  became  evident.  First,  in¬ 
teraction  with  data  users  regarding  the  adequacy  of  the 
programs  needs  to  be  an  ongoing  process.  Goals  for  the 
data-collection  programs  are  constantly  evolving  and 
the  programs  need  to  be  flexible  enough  to  meet  these 
changing  goals.  Frequent  interaction  also  serves  to  keep 
a  focus  on  long-term  goals,  the  importance  of  which 
needs  to  be  continually  reinforced.  Second,  data  users 
generally  think  more  in  terms  of  broader  issues  and 
problems  and  often  rely  on  those  who  collect  the  data  to 
be  able  to  translate  the  issues  and  problems  into  specific 
goals  and  recommended  plans  for  action. 

Interactions  with  data  users  identified  several  spe¬ 


cific  issues  related  to  the  surface-water  quantity  data- 
collection  program.  Several  of  the  identified  issues,  for 
example  5, 6,  and  7  (listed  below)  are  highly  related  and 
can  be  served  by  identical  networks.  However,  for  the 
purposes  of  this  report,  each  issue  will  be  discussed  in¬ 
dividually.  The  most  important  issues,  not  necessarily 
in  order  of  priority,  are  as  follows: 

1.  Ground-water  availability 

2.  Surface-water  availability 

3.  Long-term  baseline  data-collection  and  trends 

4.  Streams  for  protection 

5.  Identification  of  perennial  stream  reaches 

6.  Ground  water/surface  water  interaction 

7.  Perennial  stream  data 

8.  Intermittent  stream  data 

9.  Major  streams  and  water-diversion  systems 

10.  Hydrologic  hazards 

11.  Land-use  changes 

12.  Availability  of  data 

13.  Purposes  for  operating  individual  gages 

14.  Analysis  of  data  collected 

Goals  for  the  surface-water  data-collection  pro¬ 
gram  associated  with  each  of  the  issues  were  then  iden¬ 
tified.  The  goals  identified  need  to  serve  as  a  base  for 
data-collection  activities.  Identified  issues  and  goals 
need  to  be  routinely  reviewed  and  updated  or  modified 
as  required. 

1.  Ground-  water  availability. -Information  on  the 
distribution  of  ground-water  recharge  over  time  and 
area  is  needed  to  estimate  ground-water  availability. 
Water-balance  analyses  are  frequently  used  to  estimate 
this  recharge. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  provide  data  describing  the  variability  of  total 
stream  runoff  over  watershed  or  aquifer  areas  where 
ground-water  availability  needs  to  be  quantified.  Total 
runoff  data  need  to  be  partitioned  into  direct  runoff  and 
ground-water  (base-flow)  components. 

2.  Surface-water  a vaila bilily. -Know ledge  of  the 
magnitude,  variability,  and  frequency  of  surface-water 
runoff  is  critical  when  considering  instream  and  off- 
stream  water-use  issues.  According  to  the  State  Water 
Code,  beneficial  instream  uses  include,  but  are  not  lim- 
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ited  to  (1)  maintenance  of  fish  and  wildlife  habitats  (2) 
outdoor  recreational  activities,  (3)  maintenance  of  eco¬ 
systems  such  as  estuaries,  wetlands,  and  stream  vegeta¬ 
tion,  (4)  aesthetic  values  such  as  waterfalls  and  scenic 
waterways,  (5)  navigation,  (6)  instream  hydropower 
generation,  (7)  maintenance  of  water  quality,  (8)  the 
conveyance  of  irrigation  and  domestic  water  supplies  to 
downstream  points  of  diversion,  and  (9)  the  protection 
of  traditional  and  customary  Hawaiian  rights  (Hawaii 
Commission  on  Water  Resource  Management,  1992a, 
p.  190).  Offstream  uses  include  diversions  for  irrigation 
and  water  supply. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  provide  information  on  streamflow  character¬ 
istics  at  any  site  on  any  stream.  Included  as  part  of  this 
goal  is  the  need  to  determine  the  effects  of  upstream  al¬ 
terations  on  the  natural  flow  regime  at  points  down¬ 
stream. 

3.  Long-term  baseline  data-collection  and 
trends. -Long-term  baseline  data  are  collected  to  pro¬ 
vide  a  series  of  consistent  observations  on  streamflow. 
The  data  are  used  to  identify  trends  in  streamflow  and 
to  analyze  the  statistical  structure  of  hydrologic  time  se¬ 
ries  (Benson  and  Carter,  1973,  p.  9).  These  data  provide 
a  baseline  for  evaluating  changes  in  the  flow  regimes  of 
other  streams  associated  with  site-specific  issues  such 
as  major  alterations  in  land-use  or  changes  associated 
with  large-scale  issues  such  as  global  climate  change. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  collect  data  indefinitely  at  specific  sites  on 
streams  draining  basins  that  have  undergone  no  signifi¬ 
cant  human-made  changes  and  are  expected  to  remain 
that  way  in  the  future.  Long-term  trend  data  need  to  be 
collected  in  a  variety  of  physical  and  climatologic  set¬ 
tings  that  provide  a  representative  sampling  of  the  vari¬ 
ability  of  hydrologic  characteristics  that  exist  in  Hawaii. 

4.  Identification  of  streams  for  protection. -The 
Hawaii  State  Water  Code  provides  that  candidate 
streams  for  protection  be  identified.  Protection  can  be 
defined  as  the  attempt  to  minimize  unnatural  reductions 
in  streamflows  and  degradations  of  water  quality.  The 
first  attempt  at  identifying  streams  for  protection  is 
summarized  in  the  Hawaii  Stream  Assessment  report 
(Hawaii  Commission  on  Water  Resource  Management, 
1990b,  table  1).  The  report  identified  43  streams  State¬ 
wide  that  were  potential  candidates  for  protection.  The 
Stream  Protection  and  Management  Task  Force  has 
subsequently  been  established  to  further  this  effort. 


The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  describe  the  variability  of  streamflow  over 
time  and  along  streams  identified  for  protection.  A  wa¬ 
tershed  approach  needs  to  be  used  for  protecting 
streams.  Therefore,  collection  of  ancillary  information 
such  as  land-use  and  water-use  data  may  be  needed  to 
support  descriptions  of  streamflow  variability. 

5.  Identification  of  perennial  stream  reaches.— 
The  Hawaii  Stream  Assessment  (HSA)  (Hawaii  Com¬ 
mission  on  Water  Resource  Management,  1990b)  clas¬ 
sified  streams  as  perennial  if  surface  flow  occurred 
year-round  in  all  or  part  of  their  reaches.  Using  this  cri¬ 
terion,  376  perennial  streams  were  identified  in  Hawaii 
(Hawaii  Commission  on  Water  Resource  Management, 
1990b,  p.  9).  The  identified  perennial  streams  were  fur¬ 
ther  classified  as  either  continuous  (flows  to  the  sea 
year-round)  or  interrupted  (flows  year-round  in  the  up¬ 
per  elevations  and  intermittently  at  lower  elevations). 
When  classifying  streams,  their  relation  to  both  time 
and  space  are  important  (Langbein  and  Iseri,  1960,  p. 
18):  it  is  important  to  know  whether  streams  flow  con¬ 
tinuously  or  intermittently  and  over  which  reaches  or 
stream  segments  do  these  conditions  exist. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  provide  data  that  can  be  used  to  identify 
whether  streams  flow  continuously  or  intermittently 
and  over  which  reaches  these  conditions  exist. 

6.  Ground-water/surface-water  interaction.- 
Langbein  and  Iseri  (1960,  p.  18)  noted  that  streams  can 
also  be  classified  in  terms  of  their  relation  to  ground  wa¬ 
ter,  such  as  whether  the  stream  is  gaining  water  from  or 
losing  water  to  ground  water.  The  importance  of  under¬ 
standing  the  interaction  between  ground  water  and  sur¬ 
face  water  in  Hawaiian  streams  was  highlighted  in  the 
Hawaii  Water  Plan  (Hawaii  Commission  on  Water  Re¬ 
source  Management,  1992a,  p.  11).  Pumping  ground 
water  from  zones  of  saturation  hydraulically  connected 
to  streams  will  reduce  streamflow.  The  issue  now  be¬ 
comes  one  of  a  tradeoff:  do  the  benefits  of  developing 
the  ground-water  supply  outweigh  the  effects  associat¬ 
ed  with  reduced  streamflow?  The  reverse  also  needs  to 
be  considered.  Diversion  of  streamflow  from  losing 
reaches  will  likely  reduce  the  magnitude  of  recharge  to 
the  ground-water  system  from  the  stream. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  be  able  to  identify  gaining  and  losing  stream 
reaches  and  to  relate  their  occurrence  and  distribution  to 
the  regional  ground-water  system. 
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7.  Perennial  stream  data.  -Hawaii  citizens  and  de¬ 
cisionmakers  recognize  the  need  to  balance  uses  of  pe¬ 
rennial  streams  with  environmental  protection  (Hawaii 
Department  of  Land  and  Natural  Resources,  1993,  p.  6). 
In  perennial  streams,  the  entire  flow  regime  from  low  to 
high  flow  and  from  wet  season  to  dry  season  along  the 
entire  reach  is  critical  to  the  aquatic  organisms  they  sup¬ 
port.  Data  are  needed  to  evaluate  the  resource  in  terms 
of  identifying  what  is  present.  These  data  become  the 
benchmark  from  which  to  measure  the  changes  that 
could  result  from  either  natural  or  human-induced 
stress. 

As  a  result  of  their  prominent  role,  perennial 
streams  have  been  and  will  likely  continue  to  be  the  fo¬ 
cal  point  for  most  surface-water  data-collection  efforts 
in  Hawaii. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  provide  the  data  necessary  to  describe  the  oc¬ 
currence  and  distribution  of  streamflow  along  perennial 
streams.  Data  are  also  needed  so  that  stream  response  to 
natural  or  human-induced  stresses  can  be  evaluated. 

8.  Intermittent  stream  data. -Because  perennial 
streams  have  been  the  primary  focus  of  surface-water 
interest  in  Hawaii,  relatively  little  is  known  about  the 
variability,  persistence,  and  distribution  of  streamflow 
on  intermittent  streams.  Intermittent  streams  frequently 
drain  high-rainfall  upland  areas  that  generate  significant 
volumes  of  runoff.  Much  of  this  mnoff  infiltrates 
through  stream  beds  at  lower  elevations,  providing  an 
important  source  of  ground- water  recharge.  Flooding 
can  also  be  a  significant  issue  on  intermittent  streams. 
In  this  report,  no  distinction  is  made  between  intermit¬ 
tent  and  ephemeral  streams. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  collect  data  that  can  be  used  to  describe  the 
variability,  persistence,  and  distribution  of  streamflow 
on  intermittent  streams  in  Hawaii. 

9.  Major  streams  and  water-diversion  systems.- 
Several  criteria  are  available  for  classifying  streams  by 
size  including  length,  magnitude  of  streamflow,  and 
drainage  area.  In  the  HS  A  streamflow  was  used  for  clas¬ 
sifying  streams  by  size  (Hawaii  Commission  on  Water 
Resource  Management,  1990b,  p.  44).  However,  only 
139  of  Hawaii’s  376  perennial  streams  have  gage  data 
available  (Hawaii  Commission  on  Water  Resource 
Management,  1990b,  p.  43).  All  major  stream  systems 
are  important  because  they  drain  large  percentages  of 
the  area  of  individual  islands  and  aquifer  areas  and  ac¬ 


count  for  significant  volumes  of  the  total  runoff.  For  ex¬ 
ample,  the  Waimea,  Wailua,  Hanapepe,  and  Hanalei 
Rivers  combined  drain  about  187  mi2  or  34  percent  of 
the  total  land  area  of  the  island  of  Kauai  (553  mi2).  The 
major  streams  typically  are  also  among  the  most  heavily 
modified  by  instream  and  offstream  uses. 

Major  water-diversion  systems  remove  and  trans¬ 
port  large  volumes  of  water  from  streams,  usually  for 
offstream  uses.  For  example,  the  Koolau  diversion  sys¬ 
tem  on  Maui  transports  an  average  of  164  Mgal/d  (Ha¬ 
waii  Commission  on  Water  Resource  Management, 
1992a,  app.  D).  This  flow  rate  is  greater  than  the  aver¬ 
age  discharge  of  any  of  the  large  streams  for  all  islands 
identified  in  the  HSA  (Hawaii  Commission  on  Water 
Resource  Management,  1990b,  p.  55).  Individual  water- 
diversion  systems  commonly  tap  several  stream  or  aqui¬ 
fer  sources.  Determination  of  flow  in  both  major  stream 
and  water-diversion  systems  is  therefore  important  both 
in  terms  of  water  accounting  and  regulation  of  its  use. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  provide  the  data  required  to  account  for 
sources  and  sinks  of  water  along  major  streams  and  wa¬ 
ter-diversion  systems. 

10.  Hydrologic  hazards.- Hazards  associated  with 
hydrologic  extremes,  such  as  floods  and  droughts  (Lee, 
1990,  and  Giambelluca  and  others,  1991)  and  debris 
flows  (Torikai  and  Wilson,  1992),  are  common  in  Ha¬ 
waii.  Median  annual  rainfall  ranges  from  less  than  7  in. 
near  Kawaihae  Bay,  on  the  island  of  Hawaii,  to  45 1  in. 
at  the  top  of  Mt.  Waialeale,  on  Kauai  (Hawaii  Division 
of  Water  and  Land  Development,  1982).  Lee  and  Va- 
lenciano  (1986,  p.  201)  reported  that  rainfall  intensities 
in  excess  of  10  in/d  can  be  expected  at  least  once  a  year 
somewhere  in  Hawaii.  Data  are  required  to  improve  the 
ability  to  estimate  probabilities  of  occurrence  and  likely 
magnitudes  of  hydrologic  hazards.  These  estimates  in 
turn  are  the  basis  for  design  of  either  structural  and/or 
non-structural  mitigative  measures  and  development 
plans  that  avoid  high-risk  areas.  The  estimates  also  pro¬ 
vide  the  basis  for  any  type  of  advance-warning  system. 
Data  are  also  required  to  evaluate  the  performance  and 
safety  of  hazard-prevention  structures  already  built. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  provide  the  data  required  to  estimate  proba¬ 
bilities  of  occurrence  and  likely  magnitudes  of 
hydrologic  hazards  for  all  streams  in  Hawaii.  The  pro¬ 
gram  also  needs  to  provide  data  required  to  evaluate  the 
adequacy  and  safety  of  preventative  measures  taken. 
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Hazards  included  are  those  associated  with  floods  and 
extended  periods  of  deficient  streamflow. 

11.  Land-use  changes. --Rainfall-runoff  relations 
in  drainage  basins  are  controlled  by  the  interaction  of 
several  variables,  one  of  the  most  significant  being  land 
use.  Changes  in  land  use,  such  as  conversion  from  agri¬ 
cultural  to  residential  development,  are  common  in  Ha¬ 
waii.  The  effects  of  such  changes  on  flood  magnitudes 
and  frequencies  and  ground-water  recharge  needs  to  be 
considered.  Streamflow  data  are  also  required  to  evalu¬ 
ate  the  water-quality  implications  of  land-use  changes. 
Another  category  of  land-use  change  is  stream  channel¬ 
ization.  More  than  19  percent  of  Hawaii's  perennial 
streams  have  been  channelized  to  some  extent  (Hawaii 
Commission  on  Water  Resource  Management,  1990b, 
p.  98).  The  effects  of  these  changes  need  to  be  under¬ 
stood. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  collect  data  on  streams  draining  basins  that 
sample  a  variety  of  land  uses  found  in  Hawaii.  At  the 
same  time  streamflow  data  are  being  collected,  the  sta¬ 
tus  of  land-use  changes  within  the  subject  drainage  ba¬ 
sins  needs  to  be  monitored.  These  data  provide  the  basis 
for  evaluating  effects  of  changes  on  rainfall -runoff  rela¬ 
tions. 

12.  Availability  of  data.- Collecting  data  is  only 
the  first  part  of  a  data-collection  program:  data  need  to 
meet  quality-control  standards  that  ensure  acceptable 
accuracy,  and  data  need  to  be  provided  to  users  in  a 
timely  fashion. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  collect  all  data  according  to  established 
guidelines  such  as  those  outlined  by  Rantz  and  others 
(1982).  In  addition  all  collected  data  will  be  routinely 
published  in  reports  (made  available  to  data  users  in  a 
timely  fashion)  and  stored  in  electronic  data  bases. 

13.  Purposes  for  operating  individual  gages.- 
Thomas  and  Benson  (1970,  p.  2)  noted  that  gaging  of  all 
sites  on  natural-flow  streams  is  neither  possible  nor  de¬ 
sirable.  This  also  applies  to  regulated  stream  systems. 
There  are  several  issues  that  restrict  the  scope  of  gaging 
activities  but  perhaps  the  most  limiting  is  the  lack  of  fi¬ 
nancial  resources.  Given  that  funding  is  restricted  it  is 
especially  important  to  ensure  that  funds  allocated  to 
surface-water  data-collection  activities  be  wisely  spent. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  identify  specific  purposes  for  which  each 


gaging  operation  is  being  supported.  The  purposes  iden¬ 
tified  provide  the  basis  for  evaluating  the  need  to  con¬ 
tinue  operation.  Gages  being  operated  without  specific 
purposes  should  be  discontinued  and  the  funds  allocated 
elsewhere.  Where  continued  operation  of  gages  is  ques¬ 
tionable,  techniques  such  as  those  developed  by  Wahl 
and  Crippen  (1984)  can  be  used  to  determine  which 
ones  to  terminate. 

14.  Analysis  of  data  collected.- The  data  that  are 
being  collected  and  published  need  to  be  analyzed  on  a 
regular  basis.  These  analyses  are  needed  to  determine  if 
gages  are  collecting  the  data  required  and  to  determine 
if  sufficient  data  have  been  collected  to  address  the  pur¬ 
poses  for  operating  the  gage.  For  example,  long-term 
baseline  stations  are  operated  to  provide  the  extended 
data  sets  needed  to  test  for  possible  trends.  The  data 
must  be  analyzed  on  a  regular  basis  to  test  for  trends  and 
to  ensure  that  the  watersheds  in  which  the  stations  are 
being  operated  are  still  free  of  human-induced  changes. 

The  goal  of  the  surface-water  data-collection  pro¬ 
gram  is  to  provide,  at  regular  intervals,  statistical  sum¬ 
maries  and  interpretive  analyses  of  the  data  being 
collected.  These  results  provide  the  basis  for  determin¬ 
ing  if  the  required  data  are  being  collected  and  if  contin¬ 
ued  data  collection  is  warranted  at  specific  gages. 

Description  of  the  Program 

The  purpose  of  this  study  was  to  evaluate  the  sur¬ 
face-water  data-collection  program  in  light  of  the  cur¬ 
rently  identified  issues  and  goals.  A  description  or 
summary  of  both  historical  and  current  data-collection 
activities  in  Hawaii  and  the  availability  of  the  data  col¬ 
lected  is  required  to  adequately  accomplish  this  evalua¬ 
tion.  The  USGS  is  the  principal  source  of  both  historical 
and  current  surface-water  information  in  the  State.  As  a 
result,  the  primary  focus  of  this  report  is  on  data  collect¬ 
ed  by  or  included  in  files  maintained  by  the  USGS.  Sur¬ 
face-water  data-collection  activities  of  the  USGS  can  be 
classified  into  one  of  four  principal  categories.  The  four 
categories  are  (1)  continuous-record  gages,  (2)  crest- 
stage  gages,  (3)  low-flow  partial -record  gages,  and  (4) 
miscellaneous  measurement  sites.  Continuous-record 
gages  are  those  where  some  type  of  data,  such  as  water- 
surface  elevation,  is  recorded  on  a  continuous  basis. 
The  continuous  data  can  be  used  to  compute  streamflow 
for  any  particular  instant  or  for  selected  periods  of  time, 
such  as  a  day.  Crest-stage  gages  provide  only  the  peak 
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elevation  of  the  stream  that  occurred  between  servicing 
visits  to  the  gage.  Peak  elevation  data  can  be  used  to 
compute  discharges  for  selected  flood  peaks.  Typically 
only  the  maximum  flood  peak  for  each  water  year  is 
published.  Low-flow  partial-record  gages  are  typically 
non-recording  gages  where  systematic,  instantaneous 
measurements  of  streamflow  and  stream  elevation  are 
made  during  times  of  low  flow.  The  discharge  measure¬ 
ments  are  used  to  make  estimates  of  selected  low-flow 
statistics,  such  as  median  streamflow,  at  the  sites.  Mis¬ 
cellaneous  measurement  sites  are  locations  where  only 
random,  instantaneous  measurements  of  streamflow  are 
made.  The  random  measurements  generally  are  made  as 
part  of  large  scale  synoptic  surveys  and  are  commonly 
only  one-time  events.  The  only  data  stored  or  computed 
is  the  measured  instantaneous  discharge. 

Historical  Program 

Water  has  long  been  an  integral  part  of  life  in  Ha¬ 
waii.  To  raise  their  staple  food,  taro,  Hawaiians  con¬ 
structed  “auwais”  or  ditches  to  provide  the  irrigation 
water  required.  With  the  onset  of  the  sugar  industry  the 
need  for  water  increased  greatly.  Irrigation  of  sugarcane 
as  a  commercial  crop  began  when  the  Rice  Ditch  was 
completed  on  Kauai  in  1856  (U.S.  Geological  Survey, 
1961,  p.  2).  As  early  as  1913,  Martin  and  Pierce  (1913, 
p.  15)  noted  that  providing  water  for  domestic  use  in  the 
rapidly  growing  towns,  especially  Honolulu,  required 
attention. 

Before  1909  several  plantation  and  ditch  compa¬ 
nies  operated  their  own  gaging  stations,  and  some  of 
these  data  are  included  in  USGS  reports  and  data  files 
(Hawaii  Territorial  Planning  Board,  1939,  p.  9).  Many 
of  these  private  agencies  continue  to  collect  surface-wa¬ 
ter  data.  The  surface-water  data-collection  program  op¬ 
erated  by  the  U.S.  Geological  Survey  in  Hawaii 
officially  began  in  1909  when  an  agreement  with  the 
Territory  of  Hawaii  was  signed  (Yamanaga,  1972,  p.  1) 
and  12  continuous-record  gages  were  established.  The 
initial  program  expanded  rapidly  and  by  1914  there 
were  87  continuous-record  gages  in  operation  (Matsuo- 
ka  and  others,  1985,  p.  4).  Most  of  these  early  gages 
were  operated  to  evaluate  water-supply  potential  for  ag¬ 
ricultural  irrigation  needs.  Long-term  gage  records  are 
not  required  to  simply  quantify  water-supply  potential 
for  irrigation,  and  as  a  result  several  of  the  early  gages 
were  only  operated  for  short  periods.  The  gaging  pro¬ 
gram  continued  to  expand,  although  at  a  more  gradual 


pace,  and  by  1940  there  were  a  total  of  143  gages  in  op¬ 
eration. 

Whereas  the  purpose  for  most  of  the  early  gages 
was  to  evaluate  water  supply,  gages  were  also  operated 
for  other  reasons.  Eventually  the  emphasis  included 
flow  characteristics  of  streams  in  general  and  gaging 
operations  were  expanded  to  streams  in  remote  areas. 
Frequently,  concentrated  groups  of  gages  were  estab¬ 
lished  to  meet  specific  needs  of  cooperating  agencies. 
For  example  (1)  in  the  early  1930's  several  gages  were 
installed  to  measure  springflow  along  the  shores  of 
Pearl  Harbor,  (2)  in  the  1920's  and  1930's  numerous 
gages  were  operated  along  the  northeastern  Hana  coast 
of  Maui  specifically  to  evaluate  water  availability,  and 
(3)  in  the  early  1940's  gages  were  operated  on  the  north¬ 
ern  slopes  of  the  Kohala  Mountains,  Hawaii,  to  investi¬ 
gate  the  feasibility  of  extending  an  existing  ditch 
system.  The  trend  of  establishing  detailed  networks  of 
gages  to  address  specific  needs  continues  even  today. 
For  example,  to  evaluate  possible  effects  of  H-3  free¬ 
way  construction  on  Oahu,  several  gages  are  currently 
being  operated  in  North  Halawa  valley  and  the  wind¬ 
ward  area  in  the  vicinity  of  Kaneohe,  Oahu  (Wong  and 
Hill,  1992). 

During  most  of  the  1940’s  and  early  1950's  the  size 
of  the  gaging  program  in  Hawaii  remained  relatively 
stable.  During  the  mid-1950's  expansion  of  the  program 
resumed  and  by  1966  a  total  of  197  continuous-record 
gages  were  being  operated  by  the  USGS  in  Hawaii. 
Since  1966  the  size  of  the  gaging  program  has  declined 
substantially,  to  the  point  where  in  1994  a  total  of  89 
gages  are  in  operation.  The  number  of  continuous- 
record  gages  in  operation  has  not  been  this  small  since 
1920.  Decisions  to  discontinue  operation  of  gages  were 
based  on  various  economic,  technical,  and  political  rea¬ 
sons  (Matsuoka  and  others,  1985,  p.  4).  Primarily,  gages 
were  discontinued  because  they  had  met  their  original 
objectives  and  the  interest  and/or  funding  was  not  avail¬ 
able  to  continue  their  operation  to  meet  potential  future 
needs. 

Since  1909  a  total  of  139  of  Hawaii's  376  perennial 
streams  have  been  gaged  at  one  time  or  another  (Hawaii 
Commission  on  Water  Resource  Management,  1990b, 
p.  43).  Figure  1  shows  a  graphical  representation  of  the 
continuous-record  stream-gaging  program  in  Hawaii. 
The  maximum  number  of  continuous-record  gages  op¬ 
erated  in  any  given  year  on  Kauai  was  52  in  1966,  on 
Oahu  61  in  1967,  on  Molokai  13  in  1969-70,  on  Maui 
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Figure  1.  Number  of  continuous-record  stream  gages  operated  by  the  U.S.  Geological  Survey  in  Hawaii,  1909-94. 
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56  in  1940-44,  and  on  Hawaii  37  in  1966.  Currently 
(1994)  19, 34, 8,10,  and  1 8  continuous-record  gages  are 
being  operated  on  Kauai,  Oahu,  Molokai,  Maui,  and 
Hawaii,  respectively. 

The  development  of  densely  populated  urban  ar¬ 
eas,  primarily  on  Oahu,  led  to  the  need  for  an  expanded 
data  base  on  flood  peaks.  To  meet  this  need  a  program 
to  operate  crest-stage  gages  was  initiated  with  the  City 
and  County  of  Honolulu.  In  1958  a  total  of  22  crest- 
stage  gages  were  operating  on  Oahu.  The  program  on 
Oahu  was  subsequently  enlarged  and  in  1962-64,  in  co¬ 
operation  with  the  State  of  Hawaii  and  other  federal 
agencies,  extended  to  the  outer  islands.  The  size  of  the 
crest-stage  program  has  held  reasonably  constant  since 
1974,  and  in  1994  a  total  of  107  gages  are  in  operation. 
Of  the  total,  1 3  are  operated  on  Kauai,  41  on  Oahu,  8  on 
Molokai,  24  on  Maui,  and  21  on  Hawaii. 

Operation  of  low-flow  partial  record  stations  has 
been  recognized  as  a  cost  effective  means  to  expand 
surface-water  data-collection  activities.  As  funding  for 
continuous-record  gages  decreased  and  the  size  of  the 
gaging  program  was  reduced,  use  of  low-flow  partial- 
record  gages  has  increased.  The  first  low-flow  partial- 
record  gages  in  Hawaii  were  established  in  1961  on  the 
islands  of  Kauai  and  Oahu.  Since  that  time  the  maxi¬ 
mum  number  operated  in  any  given  year  was  24,  in 
1983.  In  1986  the  number  of  low-flow  gages  was  re¬ 
duced  from  20  to  9.  Currently  (1994)  a  total  of  12  low- 
flow  partial-record  gages  are  being  operated,  six  each 
on  Oahu  and  Molokai. 

Miscellaneous  measurements  have  frequently 
been  made  at  random  times  and  locations  since  the  start 
of  the  USGS  gaging  programs  in  Hawaii.  Although  the 
exact  number  of  sites  and  measurements  made  is  un¬ 
known,  published  miscellaneous  measurements 
through  1991  water  year  total  about  9,600.  Significant 
numbers  of  miscellaneous  measurements  in  addition  to 
these  were  probably  made  but  never  published. 

Historically,  668  continuous-record,  crest-stage, 
and  low-flow  partial -record  gages  have  been  operated 
by  the  USGS  in  Hawaii:  126  on  Kauai,  21 1  on  Oahu,  38 
on  Molokai,  187  on  Maui,  and  106  on  Hawaii.  A  list  of 
the  gages  operated,  by  island,  and  general  information 
regarding  each  of  them  is  included  in  tables  1  through  5 
(at  end  of  report). 

To  facilitate  analyses  of  this  information  on  gages 
operated  in  Hawaii,  a  geographic  information  system 
(GIS)  data  base  was  developed.  All  the  information  in¬ 


cluded  in  tables  1  through  5  have  been  stored  in  the  GIS 
data  base.  In  addition,  the  latitude  and  longitude,  drain¬ 
age  area,  and  altitude  of  each  gage  were  added  to  the 
data  base. 

GIS  data  bases  can  include  both  point  and  spatial 
information  and  therefore  facilitate  graphical  analyses 
of  data  that  would  not  be  possible  with  simple  tabular 
listings.  For  example,  the  GIS  data  base  was  used  to  de¬ 
velop  plates  1  through  5.  On  each  plate  all  the  gages  op¬ 
erated  on  each  of  the  islands  are  located  and  classified 
as  to  type  and  current  status  (active  or  inactive). 

Current  Program 

Currently  (1994)  there  are  89  continuous  record, 
107  crest- stage,  and  12  low-flow  partial-record  gages 
being  operated  in  Hawaii  by  the  U.S.  Geological  Sur¬ 
vey.  Selected  information  regarding  these  active  gages 
are  shown  in  tables  1  through  5  and  their  locations  and 
type  are  illustrated  in  plates  1  through  5.  In  this  section 
uses  of  data  and  funding  for  the  current  program  will  be 
discussed. 

Data-Use  Categories 

Evaluations  of  stream-gaging  programs  in  the 
United  States  (Benson  and  Carter,  1973,  and  Fontaine 
and  others,  1984)  and  Canada  (Perks  and  others,  1989) 
clearly  identify  the  prominent  role  of  documenting  the 
uses  of  data  collected  at  stream  gages.  The  utility  of  a 
stream  gage  is  defined  by  uses  of  the  data  it  produces. 
Previous  studies  have  documented  the  uses  of  data  from 
gages  in  Hawaii  (Yamanaga,  1972,  and  Matsuoka  and 
others,  1985)  based  on  surveys  of  known  data  users.  In 
the  1972  evaluation  of  the  Hawaii  stream-gaging  pro¬ 
gram,  Yamanaga  identified  four  major  data-use  classes. 
In  the  1985  evaluation,  Matsuoka  and  others  identified 
nine  major  data-use  classes.  In  the  present  study  the  pre¬ 
viously  identified  classes  were  consolidated  under  six 
headings:  regional  hydrology,  hydrologic  systems,  cur¬ 
rent  needs,  hydrologic  forecasts,  water  quality,  and 
long-term  trends.  Current  data  uses  for  active  continu¬ 
ous-record,  crest-stage,  and  low-flow  partial-record 
gages,  have  been  updated  for  this  study  and  are  summa¬ 
rized  along  with  information  on  sources  of  funding  in 
tables  6  through  8.  How  these  uses  fit  in  with  the  goals 
identified  in  the  previous  section  will  be  considered  lat¬ 
er  in  the  report  in  the  section  describing  the  evaluation 
of  the  surface-water  quantity  data-collection  program. 

Regional  hydrology.  -  -The  best  measures  of 
streamflow  characteristics  are  those  estimated  using 
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Table  6.  Data  uses  and  funding  sources  for  active,  continuous-record  stream-gaging  stations  in  Hawaii,  1994 

[  -- ,  no  or  not  applicable] 


Station 

Data  Use 

Funding 

Regional 

hydrology 

Low  Peak 

flows  flows 

Hydrologic 

systems 

Current 

needs 

Hydrologic  Water 

forecasts  quality 

Long¬ 

term 

trends 

Federal 

program 

Other 

federal 

agency 

program 

Coop¬ 

erative 

program 

Kauai 

16010000 

yes 

yes 

yes^ 

— 

— 

— 

— 

— 

— 

2 

yes-6 

16019000 

yes 

yes 

yes 

— 

— 

yes 

yes 

yes 

— 

— 

16031000 

— 

— 

— 

— 

— 

yesJ 

— 

yes 

— 

-- 

16036000 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

2 

yes-6 

16049000 

— 

yes 

yes 

— 

— 

— 

~ 

— 

— 

yes'6 

16060000 

— 

yes 

yes 

— 

— 

— 

— 

-- 

— 

yes-6 

16061200 

— 

— 

yes^ 

— 

— 

— 

-- 

— 

— 

2  19 
yes  ’ 

16062000 

— 

— 

yes^ 

— 

— 

— 

— 

— 

— 

2  19 
yes-6’  17 

16068000 

yes^ 

yes^ 

yes*’ ^ 

— 

— 

— 

yes~* 

— 

— 

2 

yes'6 

16069000 

— 

— 

yes* 

— 

— 

— 

— 

— 

— 

2  19 
yes  ’  iy 

16071000 

— 

yes 

yes 

yes  ^ 

— 

— 

— 

— 

7 

yes' 

— 

16071500 

yes 

yes 

— 

— 

— 

— 

— 

— 

— 

2 

yes-6 

16077000 

— 

— 

yes* 

— 

— 

— 

— 

— 

— 

2  19 
yes  ’  iy 

16079000 

— 

— 

yes^ 

— 

— 

— 

— 

— 

-- 

2  19 
yes-6*  17 

16088000 

— 

— 

yes^ 

-- 

— 

— 

— 

— 

— 

2  19 
yes  * 

16091000 

— 

— 

yes* 

-- 

— 

— 

-- 

— 

— 

2  19 
yes  ’  17 

16097500 

yes 

yes 

— 

— 

— 

— 

yes 

— 

— 

2 

yes-6 

16103000 

— 

yes 

— 

yes** 

— 

— 

— 

— 

7 

yes' 

— 

16108000 

yes 

yes 

— 

-- 

— 

— 

yes 

— 

— 

2 

yes-6 

Oahu 

16200000 

yes 

yes 

-- 

— 

— 

— 

yes 

— 

— 

2 

yes6. 

16208000 

— 

yes 

yes 

-- 

— 

— 

— 

— 

— 

yes-6 

16211600 

yes 

yes 

— 

-- 

— 

— 

yes 

— 

— 

yes*6 

16212800 

yes 

yes 

— 

— 

— 

— 

— 

— 

— 

yes-6 

16213000 

— 

yes 

— 

— 

— 

3 

yesJ 

— 

yes 

— 

— 

16216000 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

2 

yes6^ 

16225800 

yes 

yes 

— 

yes** 

— 

yes** 

— 

— 

— 

yes7 

16226000 

yes 

yes 

— 

— 

— 

— 

yes 

— 

— 

yes-6 

16226200 

yes 

yes 

— 

yes** 

— 

Q 

yes° 

— 

— 

-- 

yes7 

16229000 

yes-* 

yes-* 

yes^ 

— 

— 

— 

yes^ 

— 

— 

— 

16229300 

yes 

yes 

— 

yes^ 

— 

— 

— 

— 

7 

yes' 

— 

16232000 

— 

— 

yes 

-- 

— 

— 

— 

— 

— 

2 

yes-6 

16240500 

— 

yes 

yes 

— 

— 

— 

— 

— 

-- 

yes-6 

16249500 

— 

— 

yes 

— 

— 

— 

— 

— 

— 

yesll 

16249900 

— 

— 

yes 

— 

— 

— 

— 

— 

— 

yes  H 

16254000 

— 

yes 

yes 

— 

— 

— 

— 

— 

~ 

2 

yes-6 
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Table  6.  Data  uses  and  funding  sources  for  active,  continuous-record  stream-gaging  stations  in  Hawaii,  1994-Continued 


Station 

Data  Use 

Funding 

Regional 

hydrology 

Low  Peak 

flows  flows 

Hydrologic 

systems 

Current 

needs 

Hydrologic 

forecasts 

Water 

quality 

Long¬ 

term 

trends 

Federal 

program 

Other 

federal 

agency 

program 

Coop¬ 

erative 

program 

16260500 

— 

yes 

— 

yes 

— 

— 

— 

— 

— 

2  20 
yes’ 

16265600 

yes 

yes 

— 

yes** 

— 

O 

yes° 

— 

— 

— 

Q 

yes7 

16270900 

— 

yes 

— 

o 

yes° 

— 

o 

yes° 

— 

— 

— 

Q 

yes7 

16272200 

— 

— 

yes 

— 

— 

yes 

— 

— 

7 

yes' 

— 

16273950 

yes 

yes 

— 

O 

yes° 

— 

yes° 

— 

— 

— 

9 

yes7 

16275000 

— 

yes 

yes 

yes** 

— 

Q 

yes° 

-- 

— 

— 

yes9,  10 

16283200 

-- 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes  I® 

16283600 

*-■ 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes  I® 

16283700 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes  10 

16284200 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes  10 

16294900 

— 

yes 

yes 

-- 

— 

— 

— 

— 

— 

2 

yes-6 

16296500 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes'6 

16302000 

— 

— 

yes 

— 

— 

— 

— 

— 

— 

yes  10 

16303000 

12 

yes1,6 

12 

yes1,6 

yes 

— 

— 

— 

yes 

— 

— 

yes  10 

16304200 

yes 

yes 

— 

— 

— 

— 

— 

— 

— 

yes  10 

16325000 

yes 

yes 

— 

-- 

— 

— 

— 

— 

— 

2 

yes6. 

16330000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes'6 

16345000 

yes 

yes 

— 

— 

— 

— 

— 

— 

— 

yes'6 

Molokai 

16400000 

yes 

yes 

— 

— 

— 

3 

yes 

yes 

yes 

— 

2 

yes6. 

16404200 

yes 

yes 

— 

— 

— 

— 

— 

— 

— 

yes'6 

16405100 

— 

— 

yes^ 

— 

— 

— 

— 

— 

— 

yes  11 

16405300 

— 

— 

yes^ 

— 

— 

— 

— 

— 

— 

yes  11 

16405500 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

2 

yes'6 

16408000 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes-6 

16414000 

— 

yes 

yes 

yes^ 

— 

— 

yes 

— 

7 

yes' 

-- 

16419500 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

2 

yes'6 

Maui 

16501200 

yes 

yes 

13 

yesAJ 

— 

— 

— 

yes 

yes 

— 

-- 

16508000 

yes 

yes 

— 

— 

— 

— 

yes 

— 

2 

yes6. 

16509000 

— 

yes 

yes 

yes 

— 

— 

— 

— 

— 

yes'6 

16518000 

yes 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes-6 

16587000 

yes~* 

yes^ 

yes^ 

— 

— 

— 

yes~* 

— 

— 

yes'6 

16599500 

— 

— 

yes 

— 

— 

— 

— 

— 

— 

1 4 
yes1H 

16604500 

yes 

yes 

— 

— 

— 

— 

— 

— 

— 

yes'6 

16614000 

yes 

yes 

— 

— 

— 

— 

— 

— 

— 

yes-6 

16618000 

yes^ 

yes^ 

yes^ 

— 

— 

yes^ 

yes^ 

yes 

— 

— 

16620000 

yes 

yes 

— 

-- 

— 

— 

yes 

— 

— 

2 

yes'6 
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Table  6.  Data  uses  and  funding  sources  for  active,  continuous-record  stream-gaging  stations  in  Hawaii,  1994-Continued 


Data  Use 

Funding 

Regional 

hydrology 

Long- 

Other 

federal 

Coop- 

Station 

Low 

flows 

Peak 

flows 

Hydrologic 

systems 

Current 

needs 

Hydrologic 

forecasts 

Water 

quality 

term 

trends 

Federal 

program 

agency 

program 

erative 

program 

Hawaii 

16700000 

yes^ 

yes^ 

yes^ 

— 

— 

— 

yes~* 

— 

— 

2 

yes6. 

16700900 

— 

— 

yes 

— 

— 

— 

— 

— 

— 

17 
yes1 ' 

16700950 

— 

-- 

yes 

— 

— 

— 

— 

— 

— 

17 
yes1 ' 

16704000 

— 

yes 

yes  1® 

-- 

— 

— 

— 

— 

-- 

yes-6 

16713000 

— 

yes 

rt 

9) 

00 

— 

— 

— 

— 

— 

-  — 

— 

16717000 

yes 

yes 

yes 

— 

— 

— 

yes 

— 

— 

— 

16720000 

yes 

yes 

yes 

— 

— 

— 

yes 

— 

— 

2 

yes'6 

16720300 

yes 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes'6 

16720500 

— 

— 

yes^ 

— 

— 

— 

— 

— 

— 

yes 

16724800 

— 

— 

yes* 

— 

— 

— 

-- 

— 

— 

yes  11 

16725000 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

2 

yes'6 

16726000 

— 

— 

yes* 

— 

— 

— 

— 

— 

— 

yes  11 

16727000 

— 

— 

yes^ 

— 

— 

— 

— 

— 

— 

yes  11 

16737500 

yes 

yes 

— 

— 

yes 

-- 

-- 

~ 

— 

2 

yes'6 

16756000 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes'6 

16758000 

— 

yes 

yes 

— 

— 

— 

— 

— 

— 

yes'6 

16759000 

— 

yes 

yes 

-- 

— 

— 

— 

— 

— 

yes'6 

16764000 

yes 

yes 

— 

— 

— 

— 

yes 

— 

-- 

yes'6 

1 


Irrigation  use 


"■  State  of  Hawaii,  Department  of  Land  and  Natural  Resources 
^  (NASQAN)  station 
^  Power  and  irrigation  use 
5  Long-term  index  station 
Monitoring  of  flood  data 
'  U.S.  Army  Corps  of  Engineers 
®  Construction  effects,  H-3  highway  project 
"  State  of  Hawaii,  Department  of  Transportation 
1 0  City  and  County  of  Honolulu,  Board  of  Water  Supply 


State  of  Hawaii,  Department  of  Agriculture 


11 

-  •  r  -  -o 

16  Records  for  station  16303000  when  combined  with  records  for  ditch  station  16302000  represent  unregulated  streamflow 
~  Power,  irrigation  and  domestic  use 
1  ^  Maui  County  Department  of  Water 
Hydrologic  benchmark  station 
l(>  Domestic  use 

Hawaii  County  Department  of  Water 
1  ^  Hydropower  system  operation 
1^  Money  from  East  Kauai  Water  Co.  through  State 
^  Money  from  Royal  Hawaiian  Country  Club  through  State 
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Table  7.  Data  uses  and  funding  sources  for  active,  crest-stage  gaging  stations  in  Hawaii,  1994 

[--.no  or  not  applicable] 


Station 

Data  Use 

Funding 

Regional 

hydrology 

Low  Peak 

flows  flows 

Hydrologic 

systems 

Current 

needs 

Hydrologic 

forecasts 

Water 

quality 

Long¬ 

term 

trends 

Federal 

program 

Other 

federal 

agency 

program 

Coop¬ 

erative 

program 

Kauai 

16038000 

— 

— 1 

— 

yes1 

— 

— 

— 

— 

-- 

2 

yesz 

16052000 

— 

— 

— 

yes1 

-- 

— 

— 

— 

— 

yes2 

16052500 

— 

yes 

-- 

— 

— 

-- 

— 

— 

-- 

yes2 

16055000 

— 

— 

-- 

yes 

— 

— 

— 

— 

-- 

yes2 

16071800 

— 

— 

— 

yes1 

— 

-- 

— 

— 

— 

yes2 

16073500 

— 

yes 

-- 

— 

-- 

— 

— 

— 

— 

yes2 

16080000 

— 

— 

-- 

— 

— 

— 

— 

— 

— 

yes2 

16081200 

— 

yes 

— 

— 

— 

— 

-- 

— 

— 

yes2 

16084500 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16085000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16097900 

— 

yes 

— 

— 

— 

-- 

— 

— 

— 

yes2 

16104200 

-- 

— 

-- 

yes1 

— 

— 

— 

-- 

— 

yes2 

16130000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

Oahu 

16210500 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

T 

yes-5 

16211200 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16211300 

— 

yes 

— 

— 

— 

— 

-- 

— 

— 

yes3 

16211400 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16211500 

— 

yes 

— 

— 

— 

-- 

— 

— 

— 

yes3 

16211700 

— 

yes 

— 

— 

-- 

— 

— 

— 

— 

yes3 

16211800 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16212200 

— 

yes 

-- 

-- 

— 

— 

— 

— 

— 

yes3 

16212300 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16212450 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16212500 

— 

yes 

— 

-- 

— 

— 

— 

— 

— 

yes3 

16212601 

— 

yes 

— 

-- 

— 

— 

— 

-- 

— 

yes3 

16212700 

— 

yes 

-- 

— 

— 

— 

— 

— 

— 

yes3 

16212750 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16223000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16224500 

yes 

— 

~ 

-- 

— 

— 

— 

— 

yes3 

16228000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16228200 

— 

yes 

-- 

— 

— 

— 

— 

— 

— 

yes3 

16228600 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16228900 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16235400 

— 

yes 

— 

-- 

— 

— 

— 

— 

-- 

yes3 

16237500 

— 

yes 

— 

— 

— 

~ 

— 

— 

— 

yes3 

16247100 

— 

yes 

— 

— 

— 

— 

-- 

— 

— 

yes3 

16247500 

— 

yes 

-- 

— 

— 

— 

— 

— 

— 

yes3 

16247900 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16248800 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 
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Table  7.  Data  uses  and  funding  sources  for  active,  crest-stage  gaging  stations  in  Hawaii,  1994--Continued 


Station 

Data  Use 

Funding 

Regional 

hydrology 

Low  Peak 

flOW8  flOW8 

Hydrologic 

systems 

Current 

needs 

Hydrologic 

forecasts 

Water 

quality 

Long¬ 

term 

trends 

Federal 

program 

Other 

federal 

agency 

program 

Coop¬ 

erative 

program 

16249000 

— 

yes 

— 

— 

— 

— 

-- 

— 

— 

yes3 

16249100 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16264800 

— 

— 

yes 

yes1 

— 

— 

— 

yes'1 

~ 

— 

16265000 

— 

yes 

— 

— 

— 

~ 

— 

— 

— 

yes3 

16274499 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16279500 

— 

yes 

— 

— 

— 

— 

— 

-- 

— 

yes3 

16283480 

— 

yes 

— 

— 

— 

-- 

— 

— 

— 

yes3 

16304500 

— 

yes 

— 

— 

— 

— 

— 

—  . 

— 

yes3 

16310501 

— 

yes 

— 

— 

-- 

-- 

— 

— 

— 

yes3 

16311000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16317800 

— 

yes 

— 

— 

— 

— 

— 

-- 

— 

yes3 

16318000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

16331000 

— 

yes 

— 

-- 

-- 

— 

— 

— 

— ■ 

yes3 

16340000 

— 

yes 

— 

— 

— 

-- 

-- 

— 

-- 

yes3 

16350000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes3 

Molokai 

16411320 

— 

yes 

— 

— 

— 

— 

— 

— 

-- 

yesz 

16411400 

— 

yes 

— 

~ 

— 

— 

— 

— 

— 

yes2 

16411600 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16411640 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16411800 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16413500 

— 

yes 

— 

-- 

-- 

— 

— 

— 

-- 

yes2 

16415400 

— 

yes 

— 

— 

-- 

— 

— 

— 

— 

yes2 

16419000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

Maul 

16500100 

— 

yes 

— 

— 

— 

— 

— 

— 

-- 

yes2 

16500300 

— 

yes 

— 

— 

— 

— 

-- 

— 

— 

yes2 

16500800 

— 

yes 

-- 

— 

— 

— 

— 

— 

— 

yes2 

16502400 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16502800 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16502900 

— 

yes 

— 

— 

— 

-- 

— 

— 

— 

yes2 

16603300 

— 

yes 

-- 

— 

— 

— 

— 

— 

— 

yes2 

16603700 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16603800 

— 

yes 

— 

— 

-- 

— 

— 

— 

yes2 

16603850 

— 

yes 

-- 

— 

— 

— 

— 

— 

— 

yes2 

16607000 

— 

yes 

yes 

— 

— 

— 

— 

— 

yes4 

— 

16616500 

— 

yes 

— 

— 

-- 

— 

— 

— 

yes2 

16619700 

— 

yes 

— 

— 

~ 

— 

— 

— 

— 

yes2 

16630200 

— 

yes 

— 

-- 

— 

— 

— 

— 

— 

yes2 

16638500 

— 

— 

yes 

— 

— 

— 

— 

— 

yes4 

— 

16643300 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16646200 

— 

yes 

— 

— 

-- 

— 

— 

— 

— 

yes2 
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Table  7.  Data  uses  and  funding  sources  for  active,  crest-stage  gaging  stations  in  Hawaii,  1994--Continued 


Station 

Data  Use 

Funding 

Regional 

hydrology 

Low  Peak 

flows  flows 

Hydrologic 

systems 

Current 

needs 

Hydrologic 

forecasts 

Water 

quality 

Long¬ 

term 

trends 

Federal 

program 

Other 

federal 

agency 

program 

Coop¬ 

erative 

program 

16647500 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16650500 

— 

yes 

— 

— 

-T 

— 

— 

~ 

— 

yesz 

16658500 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16659000 

— 

yes 

— 

— 

— 

— 

-- 

— 

— 

yes2 

16660000 

— 

yes 

yes 

— 

— 

— 

— 

— 

yes4 

— 

16663500 

— 

yes 

— 

— 

— 

— 

— 

-- 

— 

yes2 

16664000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

Hawaii 

16701300 

— 

yes 

yes 

— 

— 

— 

-- 

— 

yes4 

— 

16701400 

— 

yes 

— 

— 

— 

— 

— 

-- 

yes2 

16717400 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16717600 

— 

yes 

— 

-- 

— 

— 

— 

— 

— 

yes2 

16717650 

— 

yes 

— 

-- 

“ 

— 

— 

— 

— 

yes2 

16717800 

— 

yes 

— 

— 

-- 

— 

— 

— 

— 

yes2 

16717850 

— 

yes 

— 

— 

— 

-- 

— 

-- 

yes2 

16717920 

— 

yes 

— 

-- 

— 

— 

— 

— 

— 

yes2 

16717950 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes2 

16752600 

— 

yes 

— 

— 

— 

— 

-- 

— 

-- 

yes2 

16755800 

— 

yes 

— 

— 

— 

— 

— 

— 

yes2 

16756500 

— 

yes 

— 

— 

— 

— 

-- 

— 

-- 

yes2 

16759040 

— 

yes 

— 

— 

— 

~ 

— 

— 

— 

yes'6 

16759060 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes'6 

16759080 

— 

yes 

— 

-- 

— 

— 

— 

-- 

— 

yesx 

16759180 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes"1 

16759300 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes'6 

16762000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes'6 

16767000 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes'6 

16770000 

— 

yes 

-- 

— 

— 

— 

— 

— 

— 

yes'6 

16770500 

— 

yes 

— 

— 

— 

— 

— 

— 

— 

yes'6 

^  Stage  only 

2  State  of  Hawaii,  Department  of  Land  and  Natural  Resources 
■-  City  and  County  of  Honolulu,  Department  of  Public  Works 
4  U.S.  Army  Corps  of  Engineers 
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Table  8.  Data  uses  and  funding  sources  for  active,  low-flow  partial-record  stations  in  Hawaii,  1994 

none;  DOT,  State  of  Hawaii,  Department  of  Transportation;  DLNR,  State  of  Hawaii,  Department  of  Land  and  Natural  Resources] 


Station 

Data  use 

Funding 

Regional 
hydrology 
Low  Peak 

flows  flows 

Hydrologic 

systems 

Current 

needs 

Hydrologic 

forecasts 

Water 

quality 

Long¬ 

term 

trends 

Federal 

program 

Other  federal 
agency 
program 

Coop¬ 

erative 

program 

Oahu 

16227100 

yes 

— 

yes 

yes 

— 

yes 

— 

— 

— 

DOT 

16265700 

yes 

— 

yes 

yes 

— 

yes 

— 

— 

— 

DOT 

16266500 

yes 

— 

yes 

yes 

— 

yes 

— 

-- 

— 

DOT 

16267500 

yes 

— 

yes 

yes 

-- 

yes 

— 

— 

— 

DOT 

16269500 

yes 

— 

yes 

yes 

— 

yes 

-- 

— 

— 

DOT 

16274100 

— 

— 

yes 

yes 

— 

yes 

— 

— 

— 

DOT 

Molokai 

16403400 

yes 

— 

yes 

— 

— 

— 

— 

— 

DLNR 

16403500 

yes 

— 

yes 

— 

— 

— 

— 

— 

— 

DLNR 

16403600 

yes 

— 

yes 

— 

— 

— 

— 

— 

— 

DLNR 

16403700 

yes 

— 

yes 

— 

— 

— 

— 

— 

— 

DLNR 

16403800 

yes 

— 

yes 

— 

— 

— 

— 

— 

— 

DLNR 

16403900 

yes 

— 

yes 

— 

— 

— 

— 

— 

— 

DLNR 

long-term  records.  Collecting  long-term  records  at  all 
sites  where  data  are  required  is  not  economically  feasi¬ 
ble.  The  objective  of  regional  hydrology  stations  is  to 
provide  streamflow  data  at  a  representative  number  of 
sites  in  an  area  so  that  streamflow  characteristics  can  be 
estimated  regionally  at  ungaged  sites.  Regional  esti¬ 
mates  of  streamflow  characteristics  can  be  based  on  sta¬ 
tistical  methods  such  as  multiple  regression  analysis,  by 
interpolating  between  gaged  points,  or  by  relating  a 
short-term  or  partial-record  station  to  a  long-term  sta¬ 
tion. 

For  a  station  to  be  used  to  define  regional  hydrolo¬ 
gy,  the  data  collected  at  the  site  must  be  largely  unaf¬ 
fected  by  artificial  storage  or  diversion.  In  this  data-use 
class,  the  artificial  effects  on  streamflow  are  not  neces¬ 
sarily  small,  but  the  effects  are  limited  to  those  caused 
primarily  by  land-use  and  climate  changes.  Large 
amounts  of  artificial  storage  may  exist  in  the  basin  up¬ 
stream  of  the  gage,  provided  the  outflow  from  the  reser¬ 
voir  is  uncontrolled. 

In  this  study  two  classes  of  regional  hydrology  sta¬ 
tions  are  considered,  low  flow  and  peak  flow.  Low-flow 
regional  hydrology  stations  are  those  where  the  effects 
of  regulation  or  diversion,  if  they  exist  in  the  basin,  are 
less  than  10  percent  on  daily  flow.  Peak-flow  regional 
hydrology  stations  are  those  where  the  effects  of  regu¬ 
lation  or  diversion,  if  they  exist  in  the  basin,  are  less 
than  10  percent  on  the  annual  peak  flow.  Benson  (1962, 
p.  8)  determined  that  for  humid  regions,  if  usable  stor¬ 
age  in  a  watershed  was  less  than  103  acre-ft/mi2,  the  ef¬ 


fect  on  peak  discharges  would  in  general  be  less  than  10 
percent.  Stations  where  regulation  or  diversion  exists 
can  be  considered  regional  hydrology  stations  if  the  ef¬ 
fects  are  known  or  the  diverted  flows  are  gaged  so  that 
it  is  possible  to  reconstruct  what  unregulated  flows  at 
the  station  would  have  been.  If  a  station  is  classified  as 
both  a  low-flow  and  a  peak-flow  regional  hydrology 
station,  it  can  also  be  used  to  provide  regional  estimates 
of  intermediate  streamflow  characteristics  such  as  flow 
duration  and  mean  monthly  and  annual  flows. 

Hydrologic  systems.-Hydrologic-systems  data 
are  those  used  for  accounting,  or  in  other  words,  to  de¬ 
scribe  current  hydrologic  conditions  and  the  sources, 
sinks,  and  fluxes  of  water  through  networks  and  regions 
that  are  either  natural  or  regulated  or  both.  These  data 
are  collected  at  stations  located  on  diversions,  ditches, 
and  return  flows  and  stations  that  are  useful  for  defining 
the  interaction  of  water  systems.  The  benchmark  and  in¬ 
dex  stations  are  included  in  the  hydrologic  systems  cat¬ 
egory  because  they  are  accounting  for  long-term  and 
current  conditions  of  the  hydrologic  systems  they  gage. 
Benchmark  gages  are  part  of  a  Nationwide  program  op¬ 
erated  by  the  USGS.  Index  stations  are  part  of  individu¬ 
al  State  programs  to  monitor  current  hydrologic 
conditions. 

Current  needs.  -Stations  where  data  are  needed  to 
meet  legal  obligations,  for  planning  and  design,  for 
project  operation,  and  for  specific  research  projects  are 
considered  current-needs  stations.  This  classification 
includes  stations  that  provide  streamflow  data  needed 
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for  any  instant  or  for  any  specific  day,  week,  month,  or 
year  and  generally  for  a  specific  location. 

Streamflow  data  needed  to  meet  legal  obligations 
are  used  for  the  verification  or  enforcement  of  existing 
treaties,  compacts,  and  decrees.  Legal  obligation  sta¬ 
tions  are  only  those  that  the  USGS  is  required  to  operate 
to  satisfy  a  legal  responsibility.  Streamflow  data  re¬ 
quired  to  meet  planning  and  design  needs  are  used  for  a 
specific  project  such  as  dams,  levees,  floodwalls,  navi¬ 
gation  systems,  water-supply  diversion,  hydropower 
plant,  or  waste-treatment  facilities.  Planning  and  design 
stations  are  limited  to  those  instituted  for  specific  plan¬ 
ning  and  design  purposes  where  this  need  is  still  valid. 

Project  operation  data  are  used,  on  an  ongoing  ba¬ 
sis,  to  assist  water  managers  in  making  operational  de¬ 
cisions  such  as  reservoir  releases,  hydropower 
operations,  or  diversions.  Project  operation  stations  are 
operated  such  that  the  data  are  routinely  available  to  wa¬ 
ter  managers  on  a  rapid  or  as-needed  reporting  basis. 
Research  data  are  used  for  specific  water-investigation 
studies.  Research  stations  are  typically  operated  only 
for  a  few  years  or  for  the  life  of  the  study. 

Hydrologic  forecasts.- Stations  in  this  category 
are  those  that  regularly  provide  data  for  use  in  hydrolog¬ 
ic  forecasts,  the  most  common  of  which  are  those  asso¬ 
ciated  with  floods  for  specific  river  reaches  or  locations. 
Hydrologic  forecast  stations  are  operated  to  provide 
data  to  forecasters  on  a  rapid-reporting  or  real-time  ba¬ 
sis. 

Water  quality.- Stations  where  data  are  collected 
in  support  of  water-quality  or  sediment-transport  moni¬ 
toring  activities  are  considered  water-quality  stations. 
Streamflow  data  collected  at  water-quality  stations  are 
essential  to  the  determination  of  chemical  loads  and 
sediment  transport.  Hydrologic  benchmark  and  national 
stream  quality  accounting  network  (NASQAN)  stations 
are  two  types  of  water-quality  stations.  Water-quality 
samples  from  benchmark  stations  are  used  to  track 
trends  and  indicate  the  general  water-quality  character¬ 
istics  of  streams  that  are  relatively  free  of  human  influ¬ 
ences.  NASQAN  stations  in  Hawaii  are  part  of  a 
Nationwide  USGS  network  to  determine  water-quality 
trends  of  selected  significant  streams. 

Long-term  trends.- Stations  where  data  are  col¬ 
lected  to  provide  long-term  series  of  consistent  observa¬ 
tions  on  streamflow  are  considered  long-term  trend 
stations.  Long-term  trend  stations  provide  data  used  to 
analyze  the  statistical  structure  of  hydrologic  time  se¬ 


ries.  Long-term  trend  stations  also  provide  data  which 
can  be  used  as  a  baseline  for  evaluating  possible  chang¬ 
es  in  the  flow  regimes  of  other  streams. 

Long-term  trend  stations  need  to  be  located  on 
streams  draining  basins  that  have  undergone  no  signifi¬ 
cant  human-made  changes  and  are  expected  to  remain 
that  way  in  the  future.  Long-term  trend  stations  should 
be  located  in  a  variety  of  settings  with  different  physical 
and  climatologic  characteristics. 

Funding 

There  are  three  principal  sources  of  funding  for  the 
USGS  streamflow  data-collection  programs  in  Hawaii: 
the  federal  program,  the  other  federal  agencies  (OF A) 
program,  and  the  cooperative  program.  In  the  federal 
program,  funds  are  directly  allocated  to  the  USGS  for  a 
specific  program  such  as  the  hydrologic  benchmark 
program  (Lawrence,  1987).  In  the  OFA  program,  funds 
for  data  collection  have  been  transferred  to  the  USGS 
by  federal  agencies  such  as  the  U.S.  Army  Corps  of  En¬ 
gineers.  In  the  cooperative  program,  funds  come  jointly 
from  the  USGS  cooperative  program  and  from  any  non- 
federal,  government  agency,  such  as  the  State  of  Ha¬ 
waii.  Sources  of  funding  for  all  the  active  continuous- 
record  gages  are  shown  in  table  6. 

Summary  of  Data  Uses  and  Funding 

Data  from  30  of  the  active  continuous-record  gag¬ 
es  have  uses  that  fall  into  just  one  of  the  six  data-use 
classes  and  37  have  uses  that  fall  into  two  data-use 
classes.  Data  from  the  22  remaining  stations  have  uses 
that  fall  into  three  or  more  classes.  Data  from  station 
16618000,  Kahakuloa  Stream  near  Honokohau,  Maui, 
are  used  in  five  of  the  six  data-use  classes.  Funding  for 
52  of  the  89  gages  comes  through  the  cooperative  pro¬ 
gram  between  the  Hawaii  Department  of  Land  and  Nat¬ 
ural  Resources  and  the  USGS.  Funds  for  24  additional 
stations  also  come  through  the  cooperative  program  be¬ 
tween  the  USGS  and  the  Hawaii  Department  of  Agri¬ 
culture  (8  gages),  the  City  and  County  of  Honolulu, 
Board  of  Water  Supply  (8  gages),  the  Hawaii  Depart¬ 
ment  of  Transportation  (6  gages),  the  Hawaii  County 
Department  of  Water  (2  gages),  and  the  Maui  County 
Department  of  Water  Supply  (1  gage).  One  of  the  24 
stations  is  funded  by  two  agencies  and  is  included  in  the 
totals  for  both.  Six  gages  are  funded  through  the  federal 
program  and  five  are  funded  through  OFA  program. 
One  gage  is  funded  through  both  the  federal  and  the  co¬ 
operative  programs  and  is  included  in  the  totals  for 
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both.  In  1994  three  gages  are  being  operated  without 
funding. 

Ninety-six  of  the  107  crest-stage  gages  currently 
(1994)  in  operation  exist  primarily  to  provide  regional 
information  on  peak  flows.  The  remaining  1 1  gages  are 
operated  to  meet  site-specific  project  needs.  Sixty-two 
of  the  gages  are  funded  in  cooperation  with  the  Hawaii 
Department  of  Land  and  Natural  Resources.  Thirty- 
nine  are  funded  in  cooperation  with  the  City  and  County 
of  Honolulu,  Department  of  Public  Works.  The  six  re¬ 
maining  gages  are  funded  through  the  OF  A  program 
with  the  U.S.  Army  Corps  of  Engineers. 

In  1994,  twelve  low-flow  partial-record  gages  are 
in  operation  in  the  State.  Six  are  on  Oahu  and  are  funded 
in  cooperation  with  the  Hawaii  Department  of  Trans¬ 
portation.  These  gages  are  being  operated  as  part  of  a 
special  project  related  to  construction  of  the  H-3  free¬ 
way.  Data  from  these  gages  are  used  to  provide  regional 
information  on  low  flows,  to  evaluate  hydrologic  sys¬ 
tems,  to  meet  the  research  needs  related  to  the  project, 
and  to  supplement  water-quality  data  collected  at  the 
gages.  The  remaining  six  gages  are  on  Molokai  and  are 
funded  with  the  Hawaii  Department  of  Land  and  Natu¬ 
ral  Resources.  Data  from  these  gages  are  used  to  evalu¬ 
ate  regional  low  flows  and  the  Pelekunu  Stream 
hydrologic  system. 

Availability  of  Data 

Equally  important  as  collecting  high-quality  data  is 
making  the  data  available  to  users.  Data  can  be  fur¬ 
nished  in  a  real-time  mode,  in  periodic  releases  of  pro¬ 
visional  data,  and  in  published  reports.  Data  furnished 
in  a  real-time  mode  can  be  made  available  by  direct-ac¬ 
cess  telemetry  equipment  or  satellite  links  that  connect 
users  directly  to  data  collection  sites.  Periodic  releases 
of  provisional  data  can  be  made  by  USGS  personnel  af¬ 
ter  preliminary  processing  of  data  collected  in  the  field 
has  taken  place.  Streamflow  data  collected  in  Hawaii 
are  provided  in  a  series  of  reports  published  annually 
(Matsuoka  and  others,  1993).  In  Hawaii  the  annual  data 
reports  are  the  primary  means  by  which  data  are  distrib¬ 
uted  to  users.  Beginning  with  the  1990  water  year,  all 
USGS  annual  data  reports  for  a  given  year  for  the  entire 
country  are  reproduced  on  a  CD-ROM  disc  that  is  avail¬ 
able  to  data  users.  Both  provisional  and  final  data  can 
also  be  transmitted  through  various  electronic  media 
such  as  the  Internet. 

As  part  of  the  USGS's  program  of  making  data 
available  to  the  public,  a  large-scale  computerized  sys¬ 


tem  was  required.  The  national  WATer  Data  STOrage 
and  REtrieval  system  (WATSTORE)  was  established  in 
1972  to  meet  this  need  (Hutchinson,  1975).  A  variety  of 
useful  products,  ranging  from  data  tables  to  complex 
statistical  analyses,  can  be  produced  using  WAT¬ 
STORE.  Data  users  can  obtain  direct  access  rights  to 
this  computerized  data  base  by  contacting: 

USGS 

National  Water  Data  Exchange 

421  National  Center 

Reston  VA  22092 

Evaluation  of  the  Program 

The  previous  sections  of  the  report  provided  an  up¬ 
dated  listing  of  issues  and  goals  for  the  surface-water 
data-collection  program  and  described  the  current  and 
historical  data  programs.  To  evaluate  the  program,  two 
steps  must  be  completed.  First,  the  existing  gaging  pro¬ 
gram  and  previously  identified  uses  of  the  data  need  to 
be  considered  (tables  6-8)  to  answer  such  questions  as: 
Have  the  stations  currently  in  operation  met  the  needs 
for  which  they  were  first  established?  Is  their  continued 
operation  warranted  given  the  previously  identified  us¬ 
es?  To  accomplish  this  step,  a  method  is  needed  to  eval¬ 
uate  the  data  that  have  been  collected.  Second,  goals 
identified  in  this  report  will  be  considered  individually 
using  the  existing  surface-water  data-collection  pro¬ 
gram  and  available  historical  data.  The  question  to  be 
addressed  is:  will  the  existing  data-collection  program 
and  historical  data  be  sufficient  to  address  the  goals? 

Methodology 

This  section  describes  the  methodology  used  in 
this  report  to  determine  whether  continued  operation  of 
a  gaging  station  is  warranted.  The  methodology  is  ap¬ 
propriate  for  analysis  of  crest-stage  and  low-flow  par¬ 
tial-record  gages  as  well  as  continuous-record  gages. 
The  underlying  assumption  in  this  methodology  is  that 
gaging  stations  are  to  remain  in  operation  only  if  a  valid 
use  is  found  for  the  data  and  funds  to  pay  for  the  opera¬ 
tion  of  the  gage  are  available.  An  alternative  method 
needs  to  be  considered  in  cases  where,  solely  because  of 
a  lack  of  funds,  a  subset  of  gaging  stations,  all  with  valid 
reasons  for  operating,  need  to  be  discontinued.  In  such 
a  situation  an  objective  method  is  required  to  select 
which  gaging  station  will  be  discontinued.  The  objec¬ 
tive  method  proposed  by  Wahl  and  Crippen  (1984)  is  an 
example  of  such  an  alternative  method. 
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To  determine  if  the  data  being  collected  still  meet 
some  specific  use,  the  following  information,  by  data- 
use  category  is  provided.  Simply  determine  what  cate¬ 
gories  of  data  use  are  appropriate  for  the  gage  in  ques¬ 
tion  (for  example  use  data  in  tables  6-8)  and  review  the 
following  to  ensure  classification  of  the  gage  in  this 
data-use  category  is  still  appropriate.  When  this  process 
is  completed  and  none  of  the  identified  data  uses  are  ap¬ 
propriate,  then  the  gage  should  be  discontinued. 

Regional  hydrology  data  uses  imply  that  the  data 
collected  at  a  gage  are  unaffected  by  artificial  storage  or 
diversion.  In  addition,  the  data  must  be  needed  to  esti¬ 
mate  long-term  streamflow  characteristics,  both  at  the 
site  in  question  and  at  ungaged  locations.  The  first  step 
is  to  ensure  that  the  low  or  peak  flows  at  the  site  are  not 
affected  by  regulation.  Criteria  to  establish  that  a  site  is 
regulated  are  given  in  the  section  describing  data-use 
classes.  The  next  step  is  to  determine  how  many  years 
of  data  are  required  to  provide  streamflow  characteris¬ 
tics  of  sufficient  accuracy.  For  low-flow  partial-record 
gages,  the  question  becomes  that  of  how  many  base- 
flow  measurements  at  the  gage  are  required. 

To  adequately  consider  how  many  years  of  data  are 
required  it  is  important  to  recognize  that  even  at  contin¬ 
uous-record  gages,  estimated  streamflow  characteris¬ 
tics  are  not  error-free.  The  magnitude  of  the  error 
generally  is  described  in  terms  of  the  standard  error.  For 
each  streamflow  characteristic  estimated  at  a  gage  there 
is  a  68  percent  chance  that  it  is  within  one  standard  er¬ 
ror,  plus  or  minus,  of  the  true  value.  The  magnitudes  of 
standard  errors  vary  among  gaging  stations  and  the  var¬ 
ious  streamflow  characteristics  considered.  In  general, 
the  standard  error  is  a  function  of  the  variability  of  flow 
at  the  site  in  question  and  the  length  of  record  at  the 
gage.  The  accuracy  of  a  mean  statistic,  for  example  the 
mean  annual  discharge,  is  given  by, 


SE  =  100  (Cv)//V°  5  (1) 

where: 

SE  is  the  standard  error,  in  percent; 

Cv  is  the  coefficient  of  variation,  or  the  ratio  of  the 
standard  deviation  to  the  mean  of  the  data 
(Iman  and  Conover,  1983,  p.  103);  and 

N  is  the  number  of  events;  for  example,  if  the 
mean  being  calculated  is  mean  annual,  then 
N  is  years  of  record  and  if  the  mean  being 
calculated  is  mean  monthly  for  September, 
then  N  is  the  number  of  Septembers  for 
which  a  monthly  mean  is  available. 

The  data  in  figure  2  and  table  9  provide  an  example 
of  how  standard  errors  vary  by  streamflow  characteris¬ 
tic  and  length  of  record.  These  data  are  based  on  aver¬ 
age  standard  errors  computed  for  five  stations  on  Oahu 
(stations  16200000,  16228000,  16229000,  16238500, 
and  16240500),  each  with  more  than  60  years  of  record. 
Techniques  used  to  compute  the  standard  errors  were 
those  developed  by  Hardison  (1969).  The  standard-er¬ 
ror  data  included  in  figure  2  and  table  9,  for  flood-peak 
characteristics,  are  also  appropriate  at  crest-stage  gages. 

The  data  shown  in  table  9  and  figure  2  illustrate 
several  interesting  points.  The  magnitude  of  the  stan¬ 
dard  error  is  significantly  higher  for  stations  with  short 
record  lengths.  Increasing  the  length  of  record  at  a  sta¬ 
tion  will  initially  yield  large  reductions  in  the  magni¬ 
tude  of  the  standard  error,  but  the  relative  magnitude  of 
these  improvements  will  eventually  decrease  with  in¬ 
creasing  record  length.  The  smaller  the  probability  of  a 
characteristic,  for  example  100-year  flood  compared 
with  10- year  flood,  the  higher  the  standard  error.  The 
shorter  the  time  period  for  the  characteristic,  for  exam¬ 
ple  mean  monthly  compared  with  mean  annual,  the 
higher  the  standard  error.  Again,  it  is  important  to  em- 


Table  9.  Average  standard  error  for  selected  streamflow  characteristics  compared  with  length  of  record  for  five  long-term  stream- 
gaging  stations  on  Oahu,  Hawaii 


Standard  error 
(percent) 

Years  of  record 

100-year  flood 
peak 

1 0-year 
flood  peak 

7-day  10-year  low 
flow 

Long-term  median 
discharge 

Mean  monthly 
discharge 

Mean  annual 
discharge 

5 

66 

45 

47 

24 

42 

17 

10 

45 

30 

33 

15 

29 

12 

20 

30 

21 

23 

12 

21 

9 

30 

26 

18 

18 

10 

17 

7 

40 

21 

16 

16 

8 

15 

6 

50 

18 

14 

14 

6 

13 

5 
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STANDARD  ERROR,  IN  PERCENT 


Figure  2.  Average  relation  of  standard  error  to  length  of  record  for  selected  streamflow  characteristics  at  five 
long-term  gaging  stations  on  Oahu,  Hawaii. 
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phasize  that  the  data  in  table  9  and  figure  2  represent  av¬ 
erages  for  five  stations  on  Oahu.  The  magnitude  of 
these  standard  errors  will  vary  from  station  to  station; 
however,  the  trends  displayed  should  remain  compara¬ 
ble. 

The  answer  to  the  question  of  how  many  years  of 
data  are  required  for  stations  with  regional  hydrology 
uses  depends  on  the  streamflow  characteristics  needed 
and  the  individual  gaging  station  in  question.  Currently, 
identified  data  uses  for  continuous-record  gaging  sta¬ 
tions  generally  do  not  list  what  streamflow  characteris¬ 
tics  are  needed  at  the  station.  It  is  assumed  that  the  entire 
suite  of  possible  characteristics  are  desired,  except  at 
crest-stage  gages  where  the  only  characteristic  of  con¬ 
cern  is  flood  peaks.  In  general,  the  shape  of  standard  er¬ 
ror  curves  plotted  in  figure  2  and  the  magnitudes  of  the 
standard  errors  imply  that  stations  in  Hawaii  need  to  be 
operated  a  minimum  of  20  years,  and  ideally  between 
30  to  40  years.  The  decision  to  operate  a  station  the  min¬ 
imum  of  20  years  or  to  continue  to  40  years  needs  to  be 
based  on  the  relative  importance  of  the  stream  and  data 
needs  in  question.  These  criteria  could  also  be  relaxed 
at  continuous-record  stations  if,  for  example,  the  only 
characteristic  of  interest  was  mean  annual  discharge. 
For  the  five  stations  on  Oahu  analyzed,  the  average 
standard  error  for  mean  discharge  was  12  percent,  with 
ten  years  of  record.  Operating  these  stations  an  addi¬ 
tional  10  years  reduces  the  standard  error  by  only  3  per¬ 
cent  (to  9  percent).  To  make  these  decisions,  standard 
error  plots  need  to  be  prepared  for  the  characteristics 
and  stations  of  interest.  An  absolute  minimum  of  10 
years  of  record  is  required  to  estimate  several  types  of 
streamflow  characteristics  such  as  flood-frequency  data 
(Water  Resources  Council,  1981,  p.  2). 

At  low-flow  partial-record  stations,  base-flow  dis¬ 
charge  measurements  are  made  during  low-flow  peri¬ 
ods  that  are  independent  of  one  another.  These 
measurements  are  then  correlated  with  concurrent  daily 
discharges  at  nearby  index  stations.  The  relation  be¬ 
tween  the  index  and  partial-record  station  is  used  to  es¬ 
timate  low-flow  characteristics  at  the  partial  stations, 
given  the  value  for  the  characteristic  at  the  index  sta¬ 
tion.  The  accuracy  of  the  estimated  streamflow  charac¬ 
teristic  at  the  partial-record  station  is  a  function  of  the 
number  of  measurements  made  at  the  station,  the 
strength  of  the  correlation  between  the  partial-record 
and  index  stations,  and  the  length  of  record  at  the  index 
station  (Hardison  and  Moss,  1972). 


Stedinger  and  Thomas  (1986,  fig.  lb)  graphically 
demonstrated  the  relation  between  standard  error  for  the 
7-day  10-year  low  flow  and  the  number  of  base-flow 
measurements  at  a  partial-record  station.  These  results 
are  reproduced  in  figure  3.  In  this  example,  curves  were 
developed  for  varying  degrees  of  correlation  between  a 
partial-record  station  and  an  index  gage  with  50  years  of 
record.  In  this  example  the  index  station  with  50  years 
of  record  had  a  standard  error  of  16  percent  for  the  7- 
day  10-year  low-flow  characteristic.  This  value  is  simi¬ 
lar  to  the  average  of  14  percent  calculated  for  five  Oahu 
stations  (table  9).  Standard  errors  initially  decrease  rap¬ 
idly  with  increasing  numbers  of  measurements.  The  rate 
of  decrease  eventually  declines  as  the  standard  errors 
approach  but  never  equal  the  standard  error  for  the  char¬ 
acteristic  at  the  index  station.  Similar  relations  would  be 
expected  for  other  low-flow  characteristics  and  correla¬ 
tions  with  index  stations  that  have  shorter  record 
lengths.  Standard  errors  would  approach  but  never 
equal  those  for  the  index  station.  The  minimum  stan¬ 
dard  error  would  be  higher  because  of  the  reduced 
record  length  and  therefore  the  higher  standard  error  at 
the  index  station. 

The  data  shown  in  figure  3  indicate  that  a  low-flow 
partial-record  station  needs  to  be  established  with  the 
goal  of  obtaining  a  minimum  of  10  and  ideally  20  inde¬ 
pendent  base-flow  measurements.  Ideally,  these  mea¬ 
surements  should  span  the  range  of  the  low-flow 
characteristics  that  are  to  be  estimated.  More  than  20 
base-flow  measurements  will  not  result  in  significantly 
improved  standard  errors  and  continued  operation  as  a 
regional  hydrology  station  is  not  justified.  For  such  sta¬ 
tions,  greater  improvements  could  be  made  if  the  index 
stations  used  in  the  analysis  had  a  higher  correlation 
with  the  partial-record  station  or  had  longer  term  record. 
The  data  in  figure  3  demonstrate  the  importance  of  hav¬ 
ing  an  adequate  network  of  long-term  index  stations. 

Under  the  data-use  category  of  regional  hydrology, 
at  least  two  additional  factors  need  to  be  considered. 
First  to  be  considered  is  whether  the  data  for  the  period 
of  record  at  the  gage  are  homogeneous  or  not.  Compu¬ 
tation  of  long-term  streamflow  characteristics  assumes 
the  period  of  record  is  homogeneous.  If  factors  that  in¬ 
fluence  the  comparability  of  the  data  over  time  are  evi¬ 
dent  then  continued  operation  of  the  station  may  be 
needed.  Second,  before  a  continuous-record  regional 
hydrology  station  is  discontinued  it  should  be  deter¬ 
mined  if  long-term  data  for  this  station  are  important  for 
use  in  extending  the  short-term  records  or  partial 
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NUMBER  OF  BASE-FLOW  MEASUREMENTS 


Figure  3.  Relation  of  standard  error  for  estimated  7-day  1 0-year  low  flow  to  number  of  base-flow  measurements 
at  a  partial-record  station.  The  relations  are  based  on  varying  correlation  coefficients  (r)  between  the  station  and 
an  index  gage  with  50  years  of  record  (from  Stedinger  and  Thomas,  1986,  fig.  1b). 
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records  of  adjacent  stations.  This  question  is  frequently 
overlooked  but  is  important.  In  a  recent  analysis  of  me¬ 
dian  streamflows  for  perennial  streams  in  Hawaii  (Fon¬ 
taine  and  others,  1992),  a  limitation  found  in  the 
streamflow  data  base  was  the  lack  of  streamflow-gaging 
stations  that  had  been  operated  over  the  entire  period  of 
analysis.  As  shown  in  figure  4  (from  Fontaine  and  oth¬ 
ers,  1992,  fig.  6),  few  stations  had  records  available  for 
all  or  most  of  the  base  period  (1912-86),  and  none  were 
available  on  the  island  of  Hawaii. 

Hydrologic-systems  data  uses  include  a  larger  va¬ 
riety  of  stations  than  any  of  the  other  identified  data-use 
categories.  In  Hawaii,  60  of  the  89  continuous-record 
stations  and  all  12  of  the  low-flow  partial-record  sta¬ 
tions  currently  (1994)  in  operation  have  hydrologic  sys¬ 
tems  data  uses  (table  6).  As  a  result,  issues  that  need  to 
be  considered  when  determining  if  continued  operation 
of  a  gage  is  warranted  will  be  diverse  and  commonly 
site  specific.  Issues  to  be  considered  for  some  of  the 
most  significant  types  of  hydrologic-systems  data-use 
stations  will  be  given  here. 

Stations  identified  as  having  hydrologic  systems 
data  uses  can  be  collecting  data  that  represent  either  nat¬ 
ural  or  regulated  conditions,  although  regulated  sites  are 
generally  in  the  majority.  Of  the  60  continuous-record 
stations  that  currently  have  hydrologic  systems  data  us¬ 
es,  13  represent  natural  streamflows  and  47  represent 
regulated  streamflows  (table  6).  Five  of  the  13  natural 
streamflow  stations  are  included  in  this  data-use  catego¬ 
ry  because  they  are  either  index  or  benchmark  stations. 
These  stations  will  continue  to  have  hydrologic  systems 
data  uses  as  long  as  they  continue  to  function  as  either 
index  or  benchmark  stations.  Index  and  benchmark  sta¬ 
tions  are  also  included  under  the  data-use  category  of 
long-term  trends.  The  criteria  presented  for  long-term 
trend  stations  to  determine  if  their  continued  operation 
is  warranted  are  more  restrictive  and  will  be  the  control¬ 
ling  factors  for  these  sites. 

The  remaining  unregulated  continuous-record  sta¬ 
tions  that  have  hydrologic  systems  data  uses  are  includ¬ 
ed  in  this  data-use  category  primarily  because  they 
define  natural  inflows  to  stream  systems  that  are  regu¬ 
lated  in  their  lower  reaches.  Most  stations  in  this  data- 
use  category  are  operated  for  one  of  three  reasons:  (1)  to 
define  the  long-term  streamflow  characteristics  of  in¬ 
flows  to  the  regulated  system,  (2)  to  provide  continu¬ 
ous,  actual  sequences  of  streamflow  data  for  systems 
where  the  pattern  of  regulation  is  variable  and  depen¬ 


dent  on  inflow  conditions,  or  (3)  to  define  specific 
streamflow  characteristics  throughout  a  defined  hydro- 
logic  system.  Continued  operation  of  stations  that  fall 
into  the  category  identified  above  in  reason  (1)  is  con¬ 
trolled  by  the  length  of  time  required  to  accurately  de¬ 
termine  streamflow  characteristics.  These  criteria  were 
discussed  in  detail  for  the  regional  hydrology  data-use 
category  and  the  same  guidelines  apply  here.  In  summa¬ 
ry,  actual  length  of  operation  is  streamflow-characteris- 
tic  and  site  dependent,  however,  most  stations  need  to 
be  operated  a  minimum  of  20  and  ideally  between  30  to 
40  years.  Continued  operation  of  stations  that  fall  into 
the  category  identified  above  in  reason  (2)  is  controlled 
by  the  need  for  actual  sequences  of  daily  streamflow  da¬ 
ta.  The  issue  to  evaluate  when  considering  the  need  to 
continue  operation  of  these  station  is  whether  the  actual 
daily  streamflow  data  are  still  required  to  operate  or 
monitor  the  hydrologic  system.  If  not,  then  continued 
operation  of  the  station  to  meet  hydrologic  system  data 
uses  is  no  longer  warranted.  All  12  of  the  low-flow  par¬ 
tial-record  stations  currently  (1994)  in  operation  fall 
into  the  category  identified  above  in  reason  (3)  for 
which  the  same  rules  as  noted  in  regional  hydrology 
data  uses  apply.  A  minimum  of  10  and  ideally  20  dis¬ 
charge  measurements  are  required. 

Most  stations  with  hydrologic  systems  data  uses 
monitor  regulated  streamflows.  The  hydrologic  systems 
data  uses  for  regulated  stations  are  as  diverse  as  the  var¬ 
ious  systems  for  which  they  provide  data.  Currently,  in 
Hawaii,  19  of  the  regulated  hydrologic  data-use  stations 
are  operated  on  ditches  or  diversions.  At  some  loca¬ 
tions,  a  ditch  station  and  a  stream  station  are  operated 
together.  At  these  locations,  discharge  recorded  at  the 
two  stations,  when  combined,  can  be  used  to  represent 
the  natural  flow  of  the  stream.  Continued  operation  of 
these  ditch  stations  is  controlled  by  the  need  to  continue 
operation  of  the  stream  station  at  the  site.  Some  hydro- 
logic  data-use  ditch  stations  are  operated  to  monitor  op¬ 
eration  of  the  diversion  systems.  An  example  would  be 
to  determine  the  amounts  of  leakage  taking  place  in  the 
ditches  as  part  of  maintenance  operations.  Operation  of 
these  types  of  ditch  stations  should  continue  as  long  as 
maintenance  of  the  system  is  a  concern.  For  ditches 
where  maintenance  is  not  an  issue,  and  the  regulatory 
pattern  is  relatively  constant  with  time,  continued  oper¬ 
ation  is  required  only  as  long  as  necessary  to  establish 
the  characteristics  of  the  diversion  taking  place.  The 
length  of  record  required  to  define  these  characteristics 
can  be  determined  following  procedures  developed  for 
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Figure  4.  Water  years  with  complete  record  for  the  streamflow-gaging  stations  used  in  the  median  flow  regression 
analyses,  1910  through  1986.  Stations  marked  with  an  asterisk  (*)  were  used  as  index  stations  in  the  analyses 
(from  Fontaine  and  others,  1992,  fig.  6). 
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regional  hydrology  stations.  Errors  associated  with  esti¬ 
mation  of  streamflow  (or  ditch  flow)  characteristics  are 
directly  related  to  the  variability  of  flow  at  the  station. 
Flow  in  ditches  is  usually  significantly  less  variable 
than  that  for  streams.  As  a  result  determination  of  accu¬ 
rate  ditch-flow  characteristics  would  require  relatively 
shorter  record  lengths.  If  the  regulatory  patterns  of  the 
ditch  vary  significantly  over  time  then  operation  of  the 
station  in  question  needs  to  continue  as  long  as  informa¬ 
tion  regarding  characteristics  of  the  diverted  flow  are 
needed. 

The  remaining  hydrologic  data-use  stations  are  op¬ 
erated  on  regulated  stream  reaches  to  either  define 
streamflow  characteristics  at  some  specific  point  or  to 
aid  in  the  description  of  larger  regulated  hydrologic  sys¬ 
tems.  The  length  of  record  required  to  define  stream- 
flow  characteristics  on  a  regulated  stream  depends  in 
large  measure  on  the  patterns  of  regulation  within  the 
drainage  basin  upstream  of  the  site  of  interest.  If  regula¬ 
tory  patterns  are  consistent  over  time,  then  rules  devel¬ 
oped  for  regional  hydrology  stations  would  apply  and 
between  20  and  40  years  of  record,  for  most  sites,  would 
be  adequate.  If  regulatory  patterns  are  changing  signifi¬ 
cantly  with  time  then  definition  of  streamflow  charac¬ 
teristics  will  require  continued  operation  of  the  station. 
The  only  exception  to  this  rule  is  where  the  pattern  of 
changing  regulation  is  known  and  can  be  quantified. 
This  information  can  then  be  incorporated  into  the  cal¬ 
culation  of  streamflow  characteristics. 

Another  aspect  to  be  considered  when  determining 
if  continued  operation  of  a  hydrologic  system  data-use 
station  is  justified  is  the  transfer  value  of  the  data.  Re¬ 
gional  methods  of  transferring  streamflow  characteris¬ 
tics  to  ungaged  sites  are  appropriate  only  in  unregulated 
systems.  Fontaine  and  others  (1992)  noted  that  esti¬ 
mates  of  median  streamflows  can  be  made  at  miscella¬ 
neous  sites  in  regulated  systems  if  at  least  some  partial 
records  are  collected  at  the  site  (for  example  discharge 
measurements)  and  long-term  continuous  records  are 
available  at  some  proximate,  comparably  regulated  sta¬ 
tion.  At  almost  all  sites  in  windward  Oahu  where  this 
methodology  was  tested,  Fontaine  and  others  (1992,  p. 
34)  noted  that  the  continuous-record  site  that  gave  the 
best  results  was  located  in  the  same  drainage  basin  as 
the  miscellaneous  site.  This  result  implies  that  contin¬ 
ued  operation  of  hydrologic  system  stations  on  regulat¬ 
ed  streams  can  be  justified  as  long  as  flow  data  are 
required  at  additional  locations  in  the  basin  and  no  other 
continuous-record  stations  are  available  to  serve  as  the 


index  station. 

Current-needs  uses  are  generally  well  defined  and 
are  time  and  site  specific.  Data  are  required  for  set  peri¬ 
ods  of  time  at  some  fixed  location.  Current-needs  gages 
are  typically  funded  by  agencies  that  are  not  involved 
the  Statewide  stream-gaging  program.  The  funding 
agencies  are  concerned  with  the  specific  current  issues 
they  need  to  address  and  generally  have  no  desire  to 
fund  operation  of  gages  beyond  the  time  period  of  inter¬ 
est  Data  collected  at  current-needs  stations  are  typical¬ 
ly  analyzed  and  used  on  an  ongoing  basis.  Issues  that 
need  to  be  addressed  when  considering  continued  oper¬ 
ation  of  current-needs  stations  are  provided  by  the  site- 
specific  nature  of  the  goals  and  funding  sources  for 
these  types  of  gages. 

Hydrologic  forecast  uses  imply  that  the  data  col¬ 
lected  at  a  gage  are  regularly  used  to  provide  forecasts. 
Currently,  in  Hawaii,  no  surface-water  gaging  stations 
provide  data  that  are  used  regularly  to  provide  hydro- 
logic  forecasts.  Besides  funding  only  two  questions 
need  to  be  addressed  when  considering  continued  oper¬ 
ation  of  hydrologic  forecast  stations.  First,  can  data  col¬ 
lected  at  the  station  be  used  to  provide  forecasts  that  are 
accurate  and  advanced  enough  for  adequate  warning 
and  response.  Second,  are  the  data  still  required  and 
used  to  make  forecasts.  For  example,  streamflow  data 
may  have  been  required  only  to  establish  rainfall/flood- 
peak  relations.  Once  the  relations  were  established  then 
only  the  rainfall  data  would  be  regularly  used  to  make 
the  hydrologic  forecasts.  This  example  could  be  com¬ 
mon  in  Hawaii  where  streams  peak  rapidly  and  as  a  re¬ 
sult,  streamflow  data  alone  do  not  provide  adequate 
advance  warning  of  potential  floods. 

Water-quality  uses  imply  that  the  streamflow  data 
collected  at  a  gage  are  used  to  support  water-quality  or 
sediment-transport  monitoring  activities  at  the  station. 
Besides  funding,  two  questions  need  to  be  addressed 
when  considering  continued  operation  of  water-quality 
data-use  stations.  First,  are  water-quality  data  still  being 
collected  at  the  station.  Second,  are  streamflow  data  re¬ 
quired  to  determine  chemical  loads  and  sediment  trans¬ 
port  at  the  station.  If  not  then  continued  operation  as  a 
water-quality  data-use  station  is  not  warranted. 

Long-term  trend  uses  require  that  data  be  collect¬ 
ed  at  a  station  for  as  long  a  period  as  possible.  If  funding 
is  still  available,  then  two  requirements  need  to  be  met 
when  considering  continued  operation  of  long-term 
trend  stations.  First,  the  drainage  basin  upstream  of  the 
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station  should  be  free  of  significant  artificial  changes 
and  is  expected  to  remain  so  in  the  future.  Second,  long¬ 
term  trend  stations  need  to  be  located  in  a  variety  of  set¬ 
tings  with  different  physical  and  climatologic  character¬ 
istics.  If  other  long-term  trend  stations  provide  data 
from  essentially  the  same  setting  then  continued  opera¬ 
tion  of  the  gage  may  not  be  justified. 

For  all  stations,  evaluations  of  the  need  to  continue 
operation  of  gaging  stations  need  to  be  made  in  con¬ 
junction  with  cooperating  agencies.  Circulating  letters 
to  cooperators  and  data  users  identifying  any  stations 
slated  to  be  discontinued  could  be  useful.  In  this  way 
potential  data  uses  not  previously  recognized  may  be 
identified  and  additional  sources  of  funding  may  be 
found. 

Current  Program 

In  1994,  there  are  89  continuous-record,  107  crest- 
stage,  and  12  low-flow  partial -record  gages  operated  in 
Hawaii  by  the  USGS.  This  section  of  the  report  summa¬ 
rizes  the  results  of  the  evaluation  of  these  gages.  The 
evaluation  followed  the  methodology  given  in  the  pre¬ 
vious  section  to  determine  if  continued  operation  is 
warranted.  This  evaluation  focused  only  on  data  uses 
and  funding  sources  identified  at  the  time  of  the  evalu¬ 
ation  (tables  6-8).  Results  from  this  evaluation  are  sum¬ 
marized  in  tables  10, 12,  and  13. 

Continuous-record  gages.  -On  Kauai,  19  continu¬ 
ous-record  gages  are  in  operation  in  1994.  On  the  basis 
of  the  evaluation  of  these  gages,  the  following  changes 
in  status  need  to  be  considered.  Station  16010000  on 
Kawaikoi  Stream  has  been  operated  for  77  years.  The 
station  is  currently  being  operated  to  meet  regional  hy¬ 
drology  and  hydrologic-systems  data  uses.  The  length 
of  available  data  is  sufficient  to  meet  these  needs  and 
discontinuing  the  station  could  be  considered  if  no  other 
data  uses  are  identified.  Stations  16077000,  16088000, 
and  16091000  are  operated  on  Makaleha,  Anahola,  and 
Lower  Anahola  Ditches  respectively.  These  stations 
have  56,  69,  and  55  years  of  record  and  are  operated  to 
meet  hydrologic  systems  needs  related  to  diversion  of 
irrigation  water.  Currently,  use  of  the  above  ditch  sys¬ 
tems  is  limited  and  discontinuing  the  stations  could  be 
considered. 

On  Oahu,  34  continuous-record  gages  are  in  oper¬ 
ation  in  1994.  Evaluation  of  these  gages  resulted  in  the 
following  changes  in  status  that  could  be  considered. 
Stations  16208000  on  the  South  Fork  Kaukonahua 


Stream  and  1 62 12800  on  Kipapa  Stream  have  both  been 
operated  for  36  years.  Data  from  station  16208000  is 
used  for  peak-flow  regional  hydrology  and  hydrologic 
systems  and  data  from  station  16212800  is  used  only  for 
regional  hydrology.  Discontinuing  the  stations  could  be 
considered  when  they  have  a  total  of  40  years  of  record. 
Stations  16225800  and  16226200  on  North  Halawa 
Stream  are  being  operated  as  part  of  a  special  project. 
The  stations  also  provide  data  for  regional  hydrology 
uses.  When  the  special  project  is  completed,  station 
16225800  will  have  about  8  years  of  record  and  station 
16226200  will  have  about  15  years  of  record.  Continued 
operation  of  the  stations  beyond  the  end  of  the  special 
project  and  the  current  source  of  funding  needs  to  be 
considered.  If  stations  16225800  and  16226200  are  op¬ 
erated  until  they  have  at  least  10  and  20  years  of  record, 
respectively,  the  extra  years  of  record  will  expand  the 
number  of  streamflow  characteristics  that  can  be  deter¬ 
mined  at  the  stations  and  significantly  improve  their  ac¬ 
curacy.  Funding  for  station  16229000  on  Kalihi  Stream 
(federal  program)  has  been  discontinued.  Valid  uses  for 
the  data  collected  at  this  station  still  exist  (long-term 
trends)  however,  unless  new  sources  of  funds  become 
available  the  station  will  be  discontinued.  Station 
16232000  on  Nuuanu  Stream  is  operated  to  provide  hy¬ 
drologic  systems  data.  The  77  years  of  record  available 
at  the  station  are  adequate  to  meet  this  data  need  and 
discontinuing  the  station  could  be  considered.  Stations 
16265600,  16270900,  and  16273950  on  the  Right 
Branch  of  Kamoolii  Stream,  Luluku  Stream,  and  South 
Fork  Kapunahala  Stream  are  being  operated  as  part  of  a 
special  project.  The  stations  also  provide  data  for  re¬ 
gional  hydrology  uses.  When  the  special  project  is  com¬ 
pleted  the  stations  will  have  about  15, 18,  and  9  years  of 
record,  respectively.  Continued  operation  of  stations 
16265600, 16770900,  and  16273950  beyond  the  end  of 
the  special  project  and  the  current  source  of  funding 
needs  to  be  done  until  the  stations  have  a  minimum  of 
20,  20,  and  10  years  of  record,  respectively.  The  extra 
years  of  record  will  expand  the  number  of  streamflow 
characteristics  that  can  be  determined  at  the  stations  and 
significantly  improve  their  accuracy.  Station  16330000 
is  being  operated  primarily  to  provide  regional  hydrol¬ 
ogy  information.  In  1994,  there  were  35  years  of  record 
available  at  the  station.  When  a  total  of  40  years  of 
record  has  been  collected,  discontinuing  the  station 
could  be  considered. 

On  Molokai  there  are  eight  continuous-record  gag¬ 
es  in  operation  in  1994.  Evaluation  of  these  gages  re- 
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suited  in  only  one  change  in  status  that  could  be 
considered.  Currently  two  stations  (16405500  and 
16408000)  are  operated  on  Waikolu  Stream.  Data  from 
these  stations  are  used  to  define  peak  streamflows  and 
describe  the  hydrologic  system.  Waikolu  Stream  is  an 
important  source  of  water  on  Molokai  and  significant 
volumes  of  water  are  diverted  from  the  stream.  Station 
16408000  has  68  years  of  record,  which  is  sufficient  to 
define  peak  streamflows.  If  the  pattern  of  water  diver¬ 
sion  is  known,  and  is  not  changing  from  year  to  year, 
then  continued  operation  of  station  16408000  to  define 
the  hydrologic  system  may  not  be  necessary.  For  this 
station,  the  available  data  are  sufficient  and  the  station 
could  be  either  discontinued  or  possibly  converted  to  a 
less  costly  partial-record  station. 

On  Maui,  10  continuous-record  gages  are  in  oper¬ 
ation.  Evaluation  of  these  gages  resulted  in  the  follow¬ 
ing  changes  in  status  that  could  be  considered.  Station 
16509000  has  16  years  of  record  and  is  being  operated 
as  part  of  a  special  project.  The  data  collected  are  used 
to  meet  current  needs,  to  describe  the  hydrologic  sys¬ 
tem,  and  to  define  flood  peaks.  The  station  needs  to  be 
operated  a  minimum  of  20  years  to  increase  the  accura¬ 
cy  of  estimated  streamflow  characteristics.  When  the 
special  project  ends,  discontinuing  the  station  could  be 
considered  as  long  as  20  years  of  record  are  available. 
Station  16518000  has  been  operated  for  73  years  and 
the  data  are  used  to  describe  regional  hydrology  and  hy¬ 
drologic  systems.  The  available  data  are  sufficient  to 
meet  the  currently  identified  needs  and  discontinuing 
the  station  could  be  considered  if  no  other  data  uses  are 
identified. 

On  the  island  of  Hawaii,  18  continuous-record 
gages  are  in  operation  in  1994.  Evaluation  of  these  gag¬ 
es  resulted  in  the  following  changes  in  status  that  could 
be  considered.  Station  16700900  on  Olaa  Flume 
Springs  and  station  16700950  on  Lyman  Springs  No.  2 
have  been  operated  for  19  and  12  years,  respectively. 
Data  from  these  stations  are  used  to  describe  hydrologic 
systems  used  as  water  supplies.  Use  of  surface-water 
sources  for  water  supply  is  decreasing  and  additional 
data  at  these  stations  might  not  be  required,  therefore 
discontinuing  the  stations  could  be  considered.  Funding 
for  stations  16713000  and  16717000  (federal  program) 
has  been  discontinued,  however,  valid  uses  for  the  data 
collected  at  the  stations  still  exist.  Station  1 67 1 3000  has 
14  years  of  record  and  the  data  are  used  to  define  peak 
streamflows  and  regional  hydrology.  Operation  of  the 
station  for  a  minimum  of  20  years  needs  to  be  consid¬ 


ered.  Station  16717000  has  27  years  of  record  and  the 
data  are  used  to  define  regional  hydrology,  hydrologic 
systems,  and  long-term  trends  and  continued  operation 
is  needed.  However,  unless  new  sources  of  funds  be¬ 
come  available  the  stations  will  be  discontinued.  Station 
16727000  has  16  years  of  record  and  is  located  on  a 
branch  of  the  Upper  Hamakua  Ditch  that  is  infrequently 
used.  Discontinuing  this  station  could  be  considered. 
Station  16737500  on  Waimanu  Stream  has  3  years  of 
record  and  is  operated  as  part  of  a  special  project  that  is 
due  to  end  in  1994.  Discontinuing  the  station  at  the  end 
of  the  project  could  be  considered.  Stations  16756000 
on  Kohakohau  Stream  and  16758000  on  Waikoloa 
Stream  are  operated  to  provide  data  to  describe  peak 
streamflows  and  hydrologic  systems.  The  two  stations 
have  37  and  46  years  of  data,  respectively,  and  these 
data  are  sufficient  to  address  currently  identified  needs. 
Discontinuing  the  stations  could  be  considered. 

In  this  discussion  25  continuous-record  stations 
were  identified  where  changes  in  status  could  be  con¬ 
sidered.  These  stations  and  possible  actions  to  be  con¬ 
sidered  are  summarized  in  table  10.  It  is  important  to 
emphasize  that  these  are  simply  possible  actions  that 
need  to  be  discussed  in  detail  with  cooperators  and  data 
users  prior  to  implementation. 

Crest-stage  gages.-Therz  are  107  crest-stage  gag¬ 
es  currently  (1994)  in  operation  in  Hawaii  (table  7). 
Ninety-six  of  the  gages  are  operated  primarily  to  pro¬ 
vide  regional  hydrology  information  on  peak  stream- 
flows  and  the  1 1  remaining  gages  are  operated  to  meet 
current  needs  for  site-specific  projects.  As  noted  in  the 
section  on  methodology,  the  ideal  maximum  length  of 
record  for  a  crest-stage  gage  in  Hawaii,  in  terms  of  re¬ 
gional  hydrology  data  uses,  is  about  40  years.  Five  gag¬ 
es  in  Hawaii  have  more  than  40  years  of  record:  stations 
16038000,  16052000,  16080000,  16228000,  and 
16607000.  Each  of  the  stations  was  evaluated  to  deter¬ 
mine  if  additional  years  of  record  need  to  be  considered 
to  further  improve  estimates  of  peak  streamflows  and  if 
other  data  uses  need  to  be  considered. 

Stations  16038000  and  16052000  are  located  near 
the  mouths  of  the  Waimea  and  Hanapepe  Rivers  in 
Kauai.  The  gages  have  been  operated  for  50  and  44 
years  respectively  and  they  provide  only  maximum 
stage  data  (table  1).  The  stations  were  operated  to  meet 
current  needs  that  can  be  addressed  with  the  length  of 
record  available.  In  addition  there  are  active  continu¬ 
ous-record  gages  located  just  upstream  of  both  gages 
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Table  10.  Continuous-record  stations  in  Hawaii  where  a  change  in  status  needs  to  be  considered,  1994 


Station 

Remarks 

Possible  action 

Kauai 

16010000 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16077000 

Limited  current  use  of  ditch 

Discontinue 

16088000 

Limited  current  use  of  ditch 

Discontinue 

16091000 

Limited  current  use  of  ditch 

Discontinue 

Oahu 

16208000 

Collect  at  least  4  more  years  of  record 

Discontinue  in  4  years 

16212800 

Collect  at  least  4  more  years  of  record 

Discontinue  in  4  years 

16225800 

Operated  as  part  of  a  special  project,  desirable  to  operate 
station  a  minimum  of  10  years 

Discontinue  at  end  of  special  project  if  10  years  of  record 
are  available 

16226200 

Operated  as  part  of  a  special  project,  desirable  to  operate 
station  a  minimum  of  20  years 

Discontinue  at  end  of  special  project  if  20  years  of  record 
are  available 

16229000 

Data  needs  still  exists,  funding  terminated 

Discontinue  if  no  new  funding  available 

16232000 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16265600 

Operated  as  part  of  a  special  project,  desirable  to  operate 
station  a  minimum  of  20  years 

Discontinue  at  end  of  special  project  if  20  years  of  record 
are  available 

16270900 

Operated  as  part  of  a  special  project,  desirable  to  operate 
station  a  minimum  of  20  years 

Discontinue  at  end  of  special  project  if  20  years  of  record 
are  available 

16273950 

Operated  as  part  of  a  special  project,  desirable  to  operate 
station  a  minimum  of  10  years 

Discontinue  at  end  of  special  project  if  10  years  of  record 
are  available 

16330000 

Collect  at  least  5  more  years  of  record 

Discontinue  in  5  years 

Molokai 

16408000 

Record  length  sufficient  to  meet  current  needs  if  diversion 

Discontinue  if  diversion  stays  the  same 

plans  remain  constant 

Maul 

16509000 

Operated  as  part  of  a  special  project,  desirable  to  operate 
station  a  minimum  of  20  years 

Discontinue  at  end  of  special  project  if  20  years  of  record 
are  available 

16518000 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

Hawaii 

16700900 

Data  needs  of  cooperator  may  be  changing 

Discontinue  if  needs  change 

16700950 

Data  needs  of  cooperator  may  be  changing 

Discontinue  if  needs  change 

16713000 

Data  needs  still  exists,  funding  terminated 

Discontinue  if  no  new  funding  available 

16717000 

Data  needs  still  exists,  funding  terminated 

Discontinue  if  no  new  funding  available 

16727000 

Limited  current  use  of  ditch 

Discontinue 

16737500 

Special  project  ending 

Discontinue 

16756000 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16758000 

Record  length  sufficient  to  meet  current  needs 

Discontinue 
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(plate  1).  Therefore,  discontinuing  both  stations  at  the 
end  of  the  current  water  year  could  be  considered. 

Station  16080000  on  Kapaa  Stream  on  Kauai  has 
been  operated  for  58  years  (table  1).  Given  the  length  of 
record  and  variability  of  flood  peaks  at  the  station,  the 
standard  errors  for  the  estimated  10-year  and  100-year 
floods  are  7.8  and  10.4  percent.  Operating  this  station 
another  10  years  would  only  reduce  these  standard  er¬ 
rors  to  7.1  and  9.4  percent.  Also,  two  additional  crest- 
stage  gages  are  active  in  the  Kapaa  Stream  basin  (plate 
1).  Therefore,  discontinuing  the  station  at  the  end  of  the 
current  water  year  could  be  considered. 

Station  16228000  on  Moanalua  Stream  on  Oahu 
has  been  operated  for  67  years  (table  2).  Given  the 
length  of  record  and  variability  of  flood  peaks  at  the  sta¬ 
tion,  the  standard  errors  for  the  estimated  10-year  and 
100-year  floods  are  11.8  and  15.3  percent.  Operating 
this  station  another  10  years  would  only  reduce  these 
standard  errors  to  1 1.1  and  14.1  percent.  Also,  two 
crest-stage  gages  are  active  downstream  of  the  station 
(plate  2).  Therefore,  discontinuing  the  station  at  the  end 
of  the  current  water  year  could  be  considered. 

Station  16607000  on  Iao  Stream  on  Maui  has  been 
operated  for  42  years  (table  4).  Given  the  length  of 
record  and  variability  of  flood  peaks  at  the  station,  the 
standard  errors  for  the  estimated  10-year  and  100-year 
floods  are  11.8  and  15.3  percent.  Operating  this  station 
another  10  years  would  only  reduce  these  standard  er¬ 
rors  to  10.6  and  13.7  percent.  Continued  operation  of 


this  station  solely  to  meet  regional  hydrology  data  uses 
is  questionable.  As  noted  in  table  7,  the  station  is  funded 
as  part  of  the  other  federal  agency  (OF A)  program  and 
also  provides  data  to  meet  current  needs.  The  current 
needs  for  data  at  this  station  still  exist  and  therefore  op¬ 
eration  needs  to  be  continued.  When  the  current  needs 
at  the  station  are  satisfied,  then  discontinuing  the  station 
could  be  considered. 

The  five  stations  just  discussed  are  those  indicated 
in  table  1 1  as  having  more  than  40  years  of  record.  An 
additional  48  stations  have  from  31  to  40  years  of 
record.  In  the  near  future,  when  these  stations  have 
more  than  40  years  of  record,  there  will  be  a  need  to  de¬ 
termine  if  continued  data  collection  at  these  sites  is 
needed.  An  alternative  would  be  to  reallocate  the  funds 
used  to  support  those  stations  and  establish  new  stations 
in  locations  where  no  data  exist. 

In  this  discussion,  five  crest-stage  gages  were  iden¬ 
tified  where  changes  in  status  could  be  considered. 
These  stations  and  possible  actions  are  summarized  in 
table  12.  It  is  important  to  emphasize  that  these  are  sim¬ 
ply  possible  actions  that  need  to  be  discussed  in  detail 
with  cooperators  and  data  users  before  implementation. 

Low-flow  partial-record  stations.  -There  are  12 
low-flow  partial-record  stations  currently  (1994)  in  op¬ 
eration  in  Hawaii,  six  each  on  Oahu  and  Molokai.  The 
six  stations  on  Oahu  are  all  operated  as  part  of  a  project 
established  to  evaluate  the  effects  of  constructing  the  H- 
3  freeway.  The  stations  were  identified  (table  8)  as  hav- 


Table  11.  Years  of  record  for  active  crest-stage  gages  in  Hawaii,  1994 


Years  of 
record 

Number  of  crest-stage  gages 

Kauai 

Oahu 

Molokai 

Maui 

Hawaii 

Total 

0-10 

0 

0 

0 

0 

0 

0 

11-20 

0 

1 

0 

0 

0 

1 

21-30 

4 

19 

8 

14 

8 

53 

31-40 

6 

20 

0 

9 

13 

48 

41-50 

2 

0 

0 

1 

0 

3 

51-60 

1 

0 

0 

0 

0 

1 

61-70 

0 

1 

0 

0 

0 

1 

70+ 

0 

0 

0 

0 

0 

0 

Total 

13 

41 

24 

21 

21 

107 

Table  12.  Crest-stage  stations  in  Hawaii  where  a  change  in  status  needs  to  be  considered,  1994 


Station  number 

Remarks 

Action  to  be  considered 

16038000 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16052000 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16080000 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16228000 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16607000 

Operated  only  to  meet  current  needs 

Discontinue  when  needs  are  met 
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ing  low-flow  regional  hydrology,  hydrologic  systems, 
current-needs,  and  water-quality  data  uses.  The  special 
project  is  scheduled  for  completion  in  the  late  1990's. 
When  the  project  ends  all  the  identified  data  uses  except 
regional  hydrology  will  have  been  met.  As  noted  in  ta¬ 
ble  2  the  six  stations  (16227100,  16265700, 16266500, 
16267500, 16269500,  and  16274100)  have  been  operat¬ 
ed  as  low-flow  partial -record  stations  for  5  to  10  years. 
As  many  as  10  discharge  measurements  per  year  were 
made  during  this  period  at  each  station.  Given  that  the 
total  number  of  discharge  measurements  is  significantly 
greater  that  the  ideal  maximum  of  20,  continued  opera¬ 
tion  solely  as  low-flow  partial-record  stations  for  re¬ 
gional  hydrology  purposes  is  not  justified. 
Discontinuing  all  six  of  the  stations  at  the  end  of  the  cur¬ 
rent  project  could  be  considered. 

The  six  low-flow  partial-record  stations  on  Molo¬ 
kai  were  identified  as  having  low-flow  regional  hydrol¬ 
ogy  and  hydrologic  systems  data  uses  (table  8).  As 
noted  in  table  3  each  of  the  six  stations  (16403400, 
16403500,  16403600,  16403700, 16403800,  and 
16403900)  has  been  operated  for  more  than  20  years. 
During  this  time  a  minimum  of  three  discharge  mea¬ 
surements  per  year  were  made.  The  total  number  of 
measurements  is  greater  than  the  ideal  maximum  of  20 
and  continued  operation  solely  for  the  purpose  of  de¬ 
scribing  low-flow  characteristics  in  the  Pelekunu  hy¬ 
drologic  system  is  not  justified.  Discontinuing  all  six  of 
the  stations  at  the  end  of  the  current  water  year  could  be 
considered. 

In  this  discussion,  12  low-flow  partial-record  gag¬ 
es  were  identified  where  changes  in  status  need  to  be 


considered.  These  stations  and  possible  actions  to  be 
considered  are  summarized  in  table  1 3.  It  is  important  to 
emphasize  that  these  are  simply  possible  actions  that 
need  to  be  discussed  in  detail  with  cooperators  and  data 
users  before  implementation. 

Future  Goals 

Earlier  in  the  report  14  specific  issues  related  to 
needs  for  streamflow  data  were  identified.  Discussion 
of  each  issue  provided  future  goals  that  the  surface-wa¬ 
ter  data-collection  program  in  Hawaii  could  strive  to 
meet.  In  this  section  of  the  report  each  of  the  14  issues 
and  their  related  goals  will  be  evaluated  individually. 
The  question  to  be  addressed  is  whether  the  existing 
data-collection  program  and  historical  data  available 
will  be  sufficient  to  address  the  future  goals  identified. 
If  the  answer  to  these  questions  is  either  no  or  only  par¬ 
tially,  then  alternatives  will  need  to  be  considered. 

The  current  and  historical  data  available  to  meet 
future  goals  were  discussed  in  the  section  of  the  report 
on  the  description  of  the  surface-water  data-collection 
program.  Additional  sources  of  data  are  available  that 
can  be  used  to  potentially  address  future  goals.  These 
additional  sources  are  primarily  contained  in  reports 
that  describe  statistical  analyses  of  streamflow  data  and 
methods  that  can  be  used  to  extrapolate  data  collected  at 
gaged  locations  to  ungaged  sites.  The  most  significant 
of  these  reports  are  described  below,  in  chronological 
order.  Yamanaga  (1972),  in  an  evaluation  of  the  stream- 
flow  data  program  in  Hawaii,  developed  regional  equa¬ 
tions  that  can  be  used  to  estimate  selected  streamflow 
characteristics  for  ungaged  sites  on  the  islands  of  Kauai, 
Oahu,  Molokai,  Maui,  and  Hawaii.  Regional  equations 


Table  13.  Low-flow  partial-record  stations  in  Hawaii,  where  a  change  in  status  needs  to  be  considered,  1994 


Station  number  Remarks  Action  to  be  considered 

Oahu 


16227100 

Operated  as  part  of  special  project 

Discontinue  at  end  of  special  project 

16265700 

Operated  as  part  of  special  project 

Discontinue  at  end  of  special  project 

16266500 

Operated  as  part  of  special  project 

Discontinue  at  end  of  special  project 

16267500 

Operated  as  part  of  special  project 

Discontinue  at  end  of  special  project 

16269500 

Operated  as  part  of  special  project 

Discontinue  at  end  of  special  project 

16274100 

Operated  as  part  of  special  project 

Discontinue  at  end  of  special  project 

Molokai 

16403400 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16403500 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16403600 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16403700 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16403800 

Record  length  sufficient  to  meet  current  needs 

Discontinue 

16403900 

Record  length  sufficient  to  meet  current  needs 

Discontinue 
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were  developed  to  estimate  mean  annual  and  mean 
monthly  discharges,  annual  flood  peaks  with  recurrence 
intervals  from  2  to  50  years,  annual  maximum  1-day 
and  7-day  mean  discharges  with  recurrence  intervals  of 
2  and  50  years,  and  annual  minimum  7-day  and  30-day 
mean  discharges  with  recurrence  intervals  of  2  and  20 
years.  Nakahara  (1980)  developed  improved  regional 
equations  that  can  be  used  to  estimate  annual  flood 
peaks  with  recurrence  intervals  from  2  to  100  years  at 
ungaged  sites  on  Oahu.  Matsuoka  (1981  and  1983)  pro¬ 
vided  statistical  summaries  of  zero-flow  days,  monthly 
means,  annual  means,  high-  and  low-flow  volumes  and 
flow-duration  data  for  continuous-record  gaging  sta¬ 
tions  using  data  collected  through  1979  water  year.  Fon¬ 
taine  and  others  (1992)  developed  regional  equations 
that  can  be  used  to  estimate  median  discharges  for  un¬ 
gaged  perennial  streams  on  the  islands  of  Kauai,  Oahu, 
Molokai,  Maui,  and  Hawaii.  In  addition,  estimates  of 
median  discharges  were  provided  for  27  regulated,  low- 
flow  partial-record,  windward  Oahu  sites  (Fontaine  and 
others,  1992).  Wong  (1994)  provided  updated  flood- 
frequency  data  for  continuous-record  and  crest-stage 
gages  on  Oahu  and  developed  improved  regional  equa¬ 
tions  that  can  be  used  to  estimate  annual  flood  peaks 
with  recurrence  intervals  from  2  to  100  years  at  ungaged 
sites  on  Oahu. 

/.  Ground-water  availability. -Future  goals  asso¬ 
ciated  with  the  issue  of  ground-water  availability  are 
partially  met.  In  figure  5  approximate  locations  of  areas 
where  ground-water  demands  are  projected  to  increase 
are  identified  (S.S.  Anthony,  USGS,  oral  commun., 
1994).  For  the  purposes  of  this  evaluation,  the  areas 
identified  in  figure  5  will  be  those  on  which  the  issue  of 
ground-water  availability  will  focus.  The  primary  data- 
use  categories  (table  6)  applicable  to  this  issue  are  re¬ 
gional  hydrology  (low  flows)  and  hydrologic  systems. 

On  Kauai  two  areas  where  ground-water  demands 
are  projected  to  increase  are  the  eastern  coastal  area 
from  Lihue  to  Anahola  and  the  southeastern  area  from 
Hanapepe  to  Lihue  (fig.  5).  In  the  Lihue- Anahola  area, 
the  largest  watersheds  are  those  drained  by  Hanamaulu, 
Konohiki,  Kaehulua,  Kapaa,  and  Anahola  Streams  and 
the  Wailua  River  (plate  1  and  table  1).  Runoff  from  the 
Wailua  River  has  been  extensively  monitored  and  four 
long-term,  continuous-record  gages  (16060000, 
16068000,  16071000,  and  16071500)  are  still  active  in 
the  basin.  Runoff  from  Anahola  Stream  was  monitored 
near  the  middle  of  the  watershed  at  station  1 6089000  for 
70  years  and  near  the  mouth,  at  station  16093200,  for  17 


years.  Kapaa  Stream  was  monitored  near  the  middle  of 
the  watershed  at  station  16080000  for  49  years.  Contin¬ 
uous  runoff  from  Hanamaulu,  Konohiki,  and  Kaehulua 
Streams  has  also  been  gaged  at  one  time;  however,  none 
of  the  sites  were  operated  for  more  than  2  years  and  all 
were  active  from  1911-13.  Runoff  from  Kapaa  Stream 
near  its  mouth  and  for  all  of  the  Hanamaulu,  Konohiki, 
and  Kaehulua  Streams  is  not  well  defined  and  alterna¬ 
tives  may  be  needed  for  these  areas.  In  the  Hanapepe- 
Lihue  area  the  largest  watersheds  are  those  drained  by 
the  Hanapepe  River  and  Huleia  and  Lawai  Streams.  In 
this  area  the  only  long-term,  continuous-record  gage 
operated  was  station  16049000  on  the  Hanapepe  River 
below  Manuahi  Stream  (69  years  of  record).  This  sta¬ 
tion  is  also  the  only  active,  continuous-record  gage  in 
the  area.  Short-term  records  (less  than  6  years)  are 
available  for  several  sites  in  the  Huleia  Stream  water¬ 
shed.  Runoff  for  all  of  the  Hanapepe-Lihue  area  is  poor¬ 
ly  defined  (except  for  the  Hanapepe  River  at  station 
16049000)  and  alternatives  for  this  area  may  need  to  be 
considered. 

A  possible  alternative  to  gaging  in  areas  where 
limited  data  exist  are  regional  regression  equations.  Ya- 
managa  (1972)  developed  separate  equations  for  the 
windward  and  leeward  areas  of  the  major  Hawaiian  is¬ 
lands  that  can  be  used  to  provide  estimates  of  mean  an¬ 
nual  discharge.  These  equations  can  be  used  to  provide 
estimates  with  standard  errors  of  34  percent  for  wind¬ 
ward  areas  and  28  percent  for  leeward  areas.  As  noted 
in  figure  2,  these  standard  errors  are  significantly  great¬ 
er  than  the  error  associated  with  a  gage  with  5  years  of 
record,  which  has  an  error  of  about  17  percent.  In  addi¬ 
tion,  the  existing  equations  cannot  be  used  to  provide 
estimates  of  the  division  of  mean  annual  runoff  between 
direct  runoff  and  base  flow  and  the  equations  do  not  ac¬ 
count  for  effects  of  regulation.  Gaging  alternatives  may 
still  need  to  be  considered  if  these  limitations  are  signif¬ 
icant  or  if  errors  associated  with  regression  equations 
are  too  high. 

On  Oahu,  two  areas  where  ground-water  demands 
are  projected  to  increase  are  the  central  corridor  area 
from  Pearl  Harbor  to  Haleiwa  and  the  windward  area 
from  Waimanalo  to  Hauula  (fig.  5).  Runoff  data  from 
the  part  of  the  central  corridor  that  drains  towards  Ha¬ 
leiwa  is  available  at  1 1  upland,  continuous-record,  sur¬ 
face-water  gages,  four  of  which  are  active  (plate  2  and 
table  2).  These  1 1  gages  provide  a  reasonable  geograph¬ 
ic  sampling  of  the  upland  areas  and  all  but  two  have 
more  than  15  years  of  record.  Only  two  gages  have  been 
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Figure  5.  Approximate  locations  of  areas  where  significant  increases  in  ground-water  demands  are  projected, 
Hawaii  (Commission  on  Water  Resource  Management,  written  commun.,  1994). 
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operated  near  the  mouths  of  streams  that  drain  the 
north-central  area  of  the  island  towards  Haleiwa,  sta¬ 
tions  16330000  and  16343000,  and  only  station 
16330000  on  Kamananui  Stream  is  active.  Runoff  near 
the  mouths  of  streams  in  this  area  is  not  well  defined 
and  alternatives  may  need  to  be  considered.  Runoff  data 
from  the  south-central  area  that  drains  towards  Pearl 
Harbor  is  available  at  six  midland  to  upland  gages,  four 
of  which  are  active.  There  are  no  upland  gages  in  the 
area  between  Kipapa  and  North  Halawa  Streams  and 
runoff  is  not  well  defined  in  this  area.  Alternatives  may 
need  to  be  considered  here.  The  remaining  upland  areas 
have  a  reasonable  geographic  coverage  of  gages.  Long¬ 
term  runoff  data  are  available  near  the  mouths  of 
Waikele  and  Waiawa  Streams  at  stations  16213000  and 
16216000,  both  of  which  are  active.  In  addition,  data 
from  inactive  stations  16223000  and  16224500  (16  and 
25  years  of  record),  are  available  near  the  mouths  of 
Waimalu  and  Kalauao  Streams.  Runoff  from  the 
mouths  of  streams  in  the  area  is  reasonably  well  de¬ 
fined.  Runoff  from  the  windward  area  from  Waimanalo 
to  Hauula  has  been  extensively  gaged.  Data  from  plate 
2  and  table  2  indicate  that  27  continuous-record  gages 
with  more  than  3  years  of  record  have  been  operated  in 
this  area.  Sixteen  of  the  27  gages  are  still  active.  These 
data  provide  a  reasonable  geographic  and  hydrologic 
coverage  of  runoff  in  the  area. 

On  Molokai  two  areas  where  ground- water  de¬ 
mands  are  projected  to  increase  are  the  area  adjacent  to 
and  including  Waikolu  Stream  and  the  area  from  Kual- 
apuu  across  the  island  to  Kaunakakai  and  then  along  the 
coast  to  Pukoo  (fig.  5).  Runoff  in  Waikolu  Stream  is 
well  defined.  Continuous-record  gages  have  been  oper¬ 
ated  near  the  mouth  (station  16408000  with  68  years  of 
record)  and  in  the  headwaters  of  the  basin  (station 
16405500  with  32  years  of  record).  In  addition  diver¬ 
sions  from  the  stream  into  the  Molokai  tunnel  have  been 
gaged  at  station  16405100  for  27  years.  All  of  these 
gages  are  presently  in  operation  and  should  provide  the 
runoff  data  required  to  evaluate  ground- water  availabil¬ 
ity  in  the  area.  Runoff  from  the  Kaulapuu-Kaunakakai- 
Pukoo  area  is  poorly  defined.  Data  from  plate  3  and  ta¬ 
ble  3  indicate  that  only  three  continuous-record,  sur¬ 
face-water  gages  have  been  operated  in  the  area 
(stations  16414000, 16415000,  and  164 16000).  Each  of 
the  stations  has  at  least  25  years  of  record  but  only  one 
is  currently  in  operation.  Alternatives  to  evaluate  runoff 
from  this  area  may  need  to  be  considered. 

On  Maui  three  areas  where  ground-water  demands 


are  projected  to  increase  are  the  Lahaina  coastal  area, 
the  area  bounded  by  Waihee  River  and  Waikapu 
Stream,  and  the  central  area  from  Kahului  across  the  is¬ 
land  and  along  the  coast  to  Makena  (fig.  5).  Runoff  in 
the  Lahaina  area  is  poorly  defined.  Only  five  continu¬ 
ous-record,  surface-water  stations  with  at  least  3  years 
of  record  have  been  operated  in  the  area  (plate  4  and  ta¬ 
ble  4).  None  of  the  five  stations  (16630000, 16634000, 
16636000,  16638000,  and  16638500)  are  currently  ac¬ 
tive,  all  but  one  were  operated  sometime  between  191 1— 
32,  and  only  two  have  more  than  4  years  of  record.  Al¬ 
ternatives  to  evaluate  runoff  from  this  area  may  need  to 
be  considered.  Runoff  in  the  Waihee-Waikapu  area  is 
only  minimally  defined.  Continuous-record,  surface- 
water  stations  with  at  least  3  years  of  record  operated  in 
this  area  include  station  16614000  on  the  Waihee  River, 
station  16608000  on  North  Waiehu  Stream,  station 
16604500  on  Iao  Stream,  and  station  16650000  on 
Waikapu  Stream.  The  four  gaged  streams  are  the  most 
significant  in  the  area,  however,  none  of  the  stations  has 
more  than  10  years  of  record  and  only  the  Iao  Stream 
and  Waihee  River  gages  are  currently  in  operation.  In 
addition,  all  of  the  four  gages  are  located  in  the  middle 
levels  of  their  respective  watersheds,  and  no  data  have 
been  collected  near  their  mouths.  Alternatives  to  evalu¬ 
ate  runoff  in  this  area  may  need  to  be  considered.  Run¬ 
off  in  the  Kahului-Makena  area  is  poorly  defined.  No 
continuous-record,  surface-water  stations  have  been  op¬ 
erated  in  this  area.  The  only  gages  with  significant  data 
bases  in  the  area  are  crest-stage  gages.  Surface  drainage 
in  the  lower  elevations  of  this  area  is  to  a  large  extent 
controlled  by  the  agricultural  activities  there.  However 
several  intermittent  streams,  that  drain  the  west  slopes 
of  Haleakala  flow  through  the  area  and  no  continuous- 
record  data  exist  for  the  streams.  Alternatives  to  evalu¬ 
ate  runoff  in  this  area  may  need  to  be  considered. 

On  Hawaii  three  areas  where  ground-water  de¬ 
mands  are  projected  to  increase  are  the  North  Kohala  ar¬ 
ea,  the  South  Kohala  area,  and  the  Kailua-Kona  area. 
Runoff  in  the  North  Kohala  area  is  poorly  defined.  His¬ 
torically,  no  continuous-record,  surface-water  gages 
have  been  operated  in  this  area  (plate  5  and  table  5).  The 
only  gage  operated  in  this  area  is  station  16752600 
which  is  a  crest-stage  gage  on  Hapahapai  Gulch.  Alter¬ 
natives  to  evaluate  runoff  in  this  area  may  need  to  be 
considered.  Runoff  in  the  South  Kohala  area  is  poorly 
defined.  Continuous-record,  surface-water  stations  in 
this  area  include  stations  16756000  on  Kohakohau 
Stream,  station  16756500  on  Keanuiomano  Stream,  sta- 
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tions  16757000  and  16758000  on  Waikoloa  Stream, 
and  station  16759000  on  Hauani  Gulch.  All  of  the  sites 
have  eight  or  more  years  of  record  and  stations 
16756000,  16758000,  and  16759000  are  active  surface- 
water  stations.  However,  all  five  stations  are  located  in 
wetter  headwater  reaches  of  Waiulaula  Gulch.  None  of 
the  other  stream  systems  have  been  gaged  and  data  are 
not  available  for  the  drier,  lower  reaches  of  the  South 
Kohala  area.  Alternatives  to  evaluate  runoff  in  this  area 
may  need  to  be  considered.  Runoff  in  the  Kailua-Kona 
area  is  partially  defined.  Few  streams  exist  in  this  area 
and  surface  runoff  takes  place  only  during  storms. 
Three  continuous-record,  surface-water  stations  have 
been  operated  in  the  Waiaha  Stream  watershed  (stations 
16759200,  16759300,  and  16759000).  Each  of  the  sta¬ 
tions  has  a  minimum  of  10  years  of  record;  however, 
only  station  16759300  is  still  active  and  is  now  operated 
as  a  crest-stage  gage.  Alternatives  to  evaluate  runoff  in 
this  area  may  need  to  be  considered. 

The  adequacy  of  the  current  surface-water  data- 
collection  program  in  Hawaii  for  describing  surface 
runoff  is  limited  in  many  of  the  areas  where  increasing 
ground-water  demands  have  been  identified  (fig.  5).  A 
summary  of  the  adequacy  of  the  gaging  program  to  de¬ 
scribe  surface  runoff  in  these  areas  is  provided  in  table 
14.  In  many  of  these  areas  of  increasing  ground-water 
demands,  alternatives  to  better  define  surface  runoff 
may  need  to  be  considered. 


2.  Surface-water  availability.- Future  goals  asso¬ 
ciated  with  the  issue  of  surface-water  availability  are 
being  partially  met.  Historically,  668  continuous- 
record,  crest-stage,  and  low-flow  partial -record  gages 
have  been  operated  by  the  USGS  in  Hawaii  (plates  1  -5). 
Data  collected  at  these  stations  provide  an  extensive 
data  base  that  can  be  used  to  define  streamflow  charac¬ 
teristics  at  the  gaged  locations.  The  primary  data-use 
categories  (table  6)  applicable  to  the  issue  of  surface- 
water  availability  are  regional  hydrology  (low  and  peak 
flows)  and  hydrologic  systems.  In  the  past,  when  con¬ 
sidering  the  issue  of  surface-water  availability,  the 
streamflow  characteristic  of  greatest  interest  was  some 
measure  of  average  flow  such  as  the  mean  annual  dis¬ 
charge.  As  noted  in  figure  2,  reasonably  accurate  esti¬ 
mates  of  mean  annual  discharge  can  be  made  with  less 
than  10  years  of  gage  record.  Almost  half  of  the  contin¬ 
uous-record  gages  in  Hawaii  have  less  than  10  years  of 
record  (table  15).  Future  issues  regarding  surface-water 
availability  will  require  information  on  several  addi¬ 
tional  streamflow  characteristics  such  as  low  flows  and 
flood  frequencies.  To  obtain  accurate  estimates  for 
these  characteristics,  record  lengths  greater  than  10 
years  will  be  required  (fig.  2).  The  issue  of  record  length 
will  need  to  be  considered  when  future  decisions  re¬ 
garding  operation  of  continuous- record  gages  are  made. 

Historically,  the  primary  focus  of  surface-water 
availability  issues  has  been  on  perennial  streams,  and 


Table  14.  Adequacy  of  Hawaii's  current  (1994)  surface-water  data-collection  program  for  describing  surface  runoff  in  areas  of 
increasing  ground-water  demands. 


Region 

Description  of 
surface  runoff 

Remarks 

Kauai 

Lihue-Anahola 

Good 

Data  lacking  for  Hanamaulu,  Konohiki,  and  Kaehulua  Streams,  and  near 

mouth  of  Kapaa  Stream 

Hanapepe-Lihue 

Poor 

Data  lacking  except  for  Hanapepe  River 

Oahu 

North  central  (Haleiwa  side) 

Fair 

Data  lacking  near  the  mouths  of  streams 

North  central  (Pearl  Harbor  side) 

Fair 

Data  lacking  in  upland  areas  between  Kipapa  and  North  Halawa  Streams 

W  aimanalo-Hauula 

Good 

Twenty- seven  continuous-record  gages  operated  in  area 

Molokai 

Waikolu  Stream 

Good 

Three  active  continuous-record  gages  in  watershed 

Kaulapuu-Kaunakakai-Pokoo 

Poor 

Inadequate  geographic  and  hydrologic  distribution  of  gages 

Maul 

Lahaina  area 

Poor 

No  active  continuous-record  gages  in  area 

W  aihee-W  aikapu 

Fair 

Lack  of  long-term  data  and  gages  near  mouths  of  streams 

Kahului-Makena 

Poor 

No  continuous-record  gages  operated  in  area 

Hawaii 

North  Kohala 

Poor 

No  continuous-record  gages  operated  in  area 

South  Kohala 

Poor 

All  gages  operated  to  date  in  headwaters  of  Waiulaula  Gulch,  none  in  other 

areas 

Kailua-Kona 

Fair 

No  active  continuous-record  gages  in  area 
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Table  15.  Years  of  record  for  continuous-record  stream  gages  in  Hawaii,  1994 


Number  of  continuous-record  gages 


Years  of  record 

Kauai 

Oahu 

Molokai 

Maui 

Hawaii 

Total 

1-10 

53 

62 

8 

64 

28 

215 

11-20 

7 

22 

2 

22 

20 

73 

21-30 

6 

11 

9 

5 

10 

31 

31-40 

11 

16 

2 

13 

4 

46 

41-50 

3 

4 

1 

6 

3 

17 

51-60 

11 

3 

0 

5 

0 

19 

61-70 

4 

2 

2 

7 

2 

17 

70+ 

4 

3 

0 

5 

0 

12 

Total 

99 

123 

24 

127 

67 

440 

this  focus  will  likely  continue  in  the  future.  To  date 
stream  gages  have  been  operated,  at  one  time  or  anoth¬ 
er,  on  139  of  Hawaii's  376  perennial  streams.  A  list  of 
the  376  perennial  streams  and  indications  as  to  those 
that  have  been  gaged  is  provided  in  the  Hawaii  Stream 
Assessment  (Hawaii  Commission  on  Water  Resource 
Management,  1990b,  p.  36)  and  is  not  included  in  this 
report.  There  are  notable  geographic  areas  where  stream 
gaging  on  perennial  streams  has  been  limited  (plates  1- 
5).  Examples  include  the  west  coast  of  Kauai  (except 
for  the  Hanapepe  and  Waimea  Streams),  the  Waianae 
and  north  shores  of  Oahu,  most  of  the  island  of  Molo¬ 
kai,  the  southeast  and  central  isthmus  areas  of  Maui,  and 
most  of  the  island  of  Hawaii  (except  the  Hilo  area  and 
parts  of  the  Kohala  Mountain  region).  The  issue  of  geo¬ 
graphic  distribution  of  streams  with  little  or  no  gage 
data  will  need  to  be  addressed  in  the  future.  Alternatives 
such  as  partial-record  stations  and  regional  regression 
analyses  can  be  used  at  locations  where  less  accurate 
data  can  be  used.  A  limited  number  of  these  regional  re¬ 
gression  reports  are  available  for  Hawaii  (Fontaine, 
1992;  Nakahara,  1980;  Wong,  1994;  and  Yamanaga, 
1972).  Regional  reports  are,  in  most  cases,  not  appropri¬ 
ate  for  streams  where  the  effects  of  regulation  are  sig¬ 
nificant.  Alternatives  that  include  some  degree  of  data 
collection  need  to  be  considered  on  regulated  streams 
where  streamflow  characteristics  are  required.  Gaged 
streams  where  the  effects  of  regulation  are  significant 
have  been  identified  in  tables  1-5.  Ungaged  perennial 
streams  that  are  regulated  have  been  identified  in  the 
Hawaii  Stream  Assessment  (Hawaii  Commission  on 
Water  Resource  Management,  1990b,  p.  36)  and  are  not 
listed  in  this  report. 

A  limited  number  of  continuous-record  gages  have 
been  operated  on  ephemeral  streams  in  Hawaii.  Howev¬ 
er,  most  of  the  gages  operated  on  ephemeral  streams 
have  been  crest-stage  gages  (tables  1-5).  At  this  time 


only  flood-frequency  characteristics  are  estimated  us¬ 
ing  data  collected  at  crest-stage  gages.  A  limited  num¬ 
ber  of  additional  streamflow  characteristics  can  be 
extrapolated  to  ungaged  ephemeral  streams  using  avail¬ 
able  regional  regression  equations.  Data-collection  al¬ 
ternatives  for  most  ephemeral  streams  will  need  to  be 
considered  as  the  needs  to  address  surface-water  avail¬ 
ability  issues  arise. 

3.  Long-term  baseline  data-collection  and 
trends.- Future  goals  associated  with  the  issue  of  long¬ 
term  baseline  data-collection  and  trends  can,  with  minor 
exceptions,  be  adequately  met  with  the  existing  data 
network.  Alternatives  to  address  the  factors  discussed 
below  need  to  be  considered.  Twenty  stations  are  cur¬ 
rently  being  operated  that  have  the  data  use  of  long-term 
trends,  as  noted  in  table  6.  These  stations  and  their 
length  of  available  record  are  summarized  in  table  16. 
The  data-use  category  of  long-term  trends  has  essential¬ 
ly  the  same  description  as  does  the  goal  statement  for 
the  issue  of  long-term  baseline  data-collection  and 
trends.  Therefore  all  of  the  20  stations  listed  in  table  16 
can  be  used  to  address  this  future  goal. 

Currently  (1994)  there  are  four  long-term  trend 
stations  on  Kauai,  five  on  Oahu,  two  on  Molokai,  five 
on  Maui,  and  four  on  Hawaii  (fig.  6).  To  address  future 
goals  associated  with  the  issue  of  long-temi  baseline 
data-collection  and  trends,  the  existing  network  of  20 
long-term  stations  needs  to  provide  an  extended  data 
base  containing  data  that  is  not  significantly  affected  by 
humans  and  which  provides  a  representative  sample  of 
the  variability  of  hydrologic  and  climatologic  character¬ 
istics  that  exists  in  Hawaii. 

The  four  long-term  trend  stations  on  Kauai  remain 
free  of  regulation,  however,  only  one  station 
(16068000)  has  more  that  60  years  of  record.  The  exist¬ 
ing  stations  are  in  the  northern  and  eastern  areas  of  is¬ 
land.  The  hydrology  of  the  southern  and  western  parts 
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Table  16.  Active,  continuous-record,  long-term  trend  stream-gaging  stations  in  Hawaii,  1994 


Years  of 


Station _ Station  name _ record 

Kauai 

16019000  Waialae  Stream  at  altitude  3,820  feet  near  Waimea .  52 

16068000  East  Branch  of  North  Fork  Wailua  River  near  Lihue .  78 

16097500  Halaulani  Stream  at  altitude  400  feet  near  Kilauea .  35 

16108000 _ Wainiha  River  near  Hanalei . 38 

Oahu 

16200000  North  Fork  Kaukonahua  Stream  above  Right  Branch  near  Wahiawa .  70 

16211600  Makaha  Stream  near  Makaha .  34 

16226000  North  Halawa  Stream  near  Aiea .  43 

16229000  Kalihi  Stream  near  Honolulu .  79 

16303003 _ Punaluu  Stream  near  Punaluu  (combined  flow  of  stations  16302000  and  16303000) . 40 

Molokai 

16400000  Halawa  Stream  near  Halawa . 69 

16414000 _ Kaunakakai  Gulch  near  Kaunakakai . 43 

Maul 

16501200  Oheo  Gulch  at  Dam  near  Kipahulu .  5 

16508000  Hanawi  Stream  near  Nahiku .  71 

16587000  Honopou  Stream  near  Nahiku .  82 

16618000  Kahakuloa  Stream  near  Honokohau .  42 

16620000 _ Honokohau  Stream  near  Honokohau . 75 

Hawaii 

16700000  Waiakea  Stream  near  Mountain  View .  63 

16717000  Honolii  Stream  near  Papaikou .  27 

16720000  Kawainui  Stream  near  Kamuela .  29 

16764000_ Hilea  Gulch  tributary  near  Honuapo . 27 


of  Kauai  is  not  being  measured  by  the  current  long-term 
trend  network.  The  five  long-term  trend  stations  on 
Oahu  provide  a  reasonable  coverage  of  the  hydrology  of 
the  island.  In  addition,  two  of  the  stations  have  at  least 
70  years  of  record.  Two  issues  will  need  to  be  ad¬ 
dressed.  Funding  for  the  Kalihi  Stream  station 
(16229000)  has  been  cut  (federal  program)  and  the  sta¬ 
tion  is  slated  to  be  discontinued  at  the  end  of  1994  water 
year.  There  are  79  years  of  record  at  this  site  and  contin¬ 
ued  operation  is  needed.  Water-supply  wells  were  put 
into  production  upstream  of  the  Makaha  Stream  station 
(16211600)  in  1992.  If  pumping  from  these  wells  sig¬ 
nificantly  affects  streamflow,  then  the  station  will  need 
to  be  removed  from  the  long-term  trend  network  and  re¬ 
placed  with  a  similar  site.  The  two  long-term  trend  sta¬ 
tions  on  Molokai  remain  free  of  significant  regulation; 
however,  only  one  of  the  stations  (16400000)  has  more 
than  50  years  of  record.  The  two  stations  are  in  the  east¬ 
ern  and  southern  areas  of  the  island.  A  large  part  of  the 
island  is  not  covered  by  the  current  long-term  trend  net¬ 
work. 

The  five  long-term  trend  stations  on  Maui  provide 
reasonable  coverage  of  the  island.  Three  of  the  stations 


have  at  least  70  years  of  record.  One  limitation  is  the 
lack  of  a  trend  station  in  the  southern  and  western  areas 
of  the  island.  The  four  long-term  trend  stations  on  Ha¬ 
waii  provide  a  reasonable  coverage  except  in  the  west¬ 
ern  area  of  the  island.  Only  one  of  the  current  stations 
has  more  than  50  years  of  record  and  the  three  remain¬ 
ing  stations  have  an  average  of  only  28  years  of  record. 
Funding  for  the  Honolii  Stream  station  (16717000)  has 
been  cut  (federal  program)  and  the  station  is  slated  to  be 
discontinued  at  the  end  of  the  1994  water  year.  Contin¬ 
ued  operation  of  this  station  is  needed. 

4.  Identification  of  streams  for  protection.-Fu- 
ture  goals  associated  with  the  issue  of  streams  for  pro¬ 
tection  can  be  partially  met  with  the  historical  and 
current  surface  water  data-collection  program.  Current¬ 
ly  there  is  some  debate  as  to  which  streams  should  be 
candidates  for  protection.  It  is  clear,  however,  that  for  a 
goal  of  stream  protection,  a  way  to  quantify  what  is  be¬ 
ing  protected  is  needed.  With  regard  to  surface  water 
this  translates  into  the  need  to  be  able  to  describe  the 
sources,  sinks,  and  quantities  of  surface  water  in  the 
system. 
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Figure  6.  Existing  and  needed  long-term  trend  stream-gaging  stations,  Hawaii,  1994. 
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A  list  of  candidate  streams  for  protection  was  giv¬ 
en  in  the  Hawaii  Stream  Assessment  (Hawaii  Commis¬ 
sion  on  Water  Resource  Management,  1990b,  p.  272). 
The  43  candidate  streams  are  listed  in  table  17  along 
with  a  summary  of  the  surface-water  data-collection 
stations  that  have  over  time  been  operated  in  each  of  the 
stream  watersheds.  Currently,  89  of  the  208  gages  in  op¬ 
eration  in  Hawaii  are  in  the  watersheds  of  candidate 
streams  for  protection.  Historically,  191  gages  have 
been  or  are  currently  being  operated  in  the  candidate 
watersheds.  These  gages  represent  a  significant  data 
base.  No  gages  have  been  operated  on  Maunapuloa  and 
Nualolo  Streams  on  Kauai;  Waialua  Stream  on  Molo¬ 
kai;  Piinaau  and  Manawainui  Streams  on  Maui;  and 
Halawa,  Pololu,  Lalakea,  and  Kolekole  Streams  on  Ha¬ 
waii.  In  addition,  10  of  the  43  streams  have  only  one 
gage  and  19  of  the  43  streams  do  not  have  an  active  gage 
of  any  kind.  The  existing  gage  network  and  data  base 
can  be  used  to  provide  streamflow  characteristics  at  the 
gaged  locations.  In  addition  the  existing  data  can  be 
used  to  describe  basinwide  conditions  for  a  select  few  of 
the  candidate  streams.  Most  gages  were  not  operated 
specifically  to  describe  the  hydrology  of  the  entire  wa¬ 
tershed.  For  these  streams  and  those  with  little  or  no 
available  data,  alternatives  need  to  be  considered. 

5.  Identification  of  perennial  stream  reaches. - 
Future  goals  associated  with  the  issue  of  identification 
of  perennial  stream  reaches  can  only  be  minimally  ad¬ 
dressed  with  the  existing  surface-water  data-collection 
program.  The  primary  data-use  category  (table  6)  appli¬ 
cable  to  this  issue  is  hydrologic  systems.  The  Hawaii 
Stream  Assessment  (Hawaii  Commission  on  Water  Re¬ 
source  Management,  1990b)  represents  the  most  thor¬ 
ough  documentation  of  perennial  streams  in  Hawaii  to 
date.  The  assessment  does  not,  however,  identify  the 
reaches  of  streams  that  are  perennial;  only  the  streams 
that  have  perennial  reaches  are  identified.  The  current 
surface-water  data-collection  program  primarily  pro¬ 
vides  streamflow  data  at  specific  points.  These  data  can 
be  used  to  identify  whether  the  flow  is  perennial,  but 
only  at  the  location  of  the  gage.  To  identify  perennial 
stream  reaches  the  data  collected  at  gaging  stations  need 
to  be  extrapolated  in  space  over  the  entire  stream  seg¬ 
ments  in  question.  To  date  this  has  been  done  only  on  a 
very  limited  scale  as  part  of  seepage  studies  done  for 
specific  projects  (Izuka,  1992). 

6.  Ground-water/ surface-water  interaction.- 
Future  goals  associated  with  the  issue  of  ground-wa¬ 
ter/surface-water  interaction  can  only  be  minimally  ad¬ 


dressed  with  the  existing  surface-water  data-collection 
program.  The  current  program  is  structured  primarily  to 
provide  streamflow  data  at  specific  points.  Streamflow 
data  that  describe  the  magnitude  of  changes  in  base  flow 
(flow  supplied  by  ground- water  discharge  to  the  stream) 
or  data  from  seepage  runs  along  stream  reaches  are  re¬ 
quired  to  address  the  issue  of  ground-water/surface-wa¬ 
ter  interaction.  Data  requirements  for  this  issue  are 
almost  the  same  as  those  described  for  the  issue  of  iden¬ 
tification  of  perennial  stream  reaches  and  the  primary 
data-use  category  (table  6)  applicable  to  this  issue  is  hy¬ 
drologic  systems.  Synoptic  streamflow  measurements 
along  stream  reaches  are  not  routinely  collected  as  part 
of  the  surface-water  data-collection  program.  A  limited 
number  of  studies  have  collected  these  types  of  data 
(Izuka,  1992:  Izuka  and  others,  1993:  and  Takasaki  and 
others,  1969).  In  addition  a  project,  jointly  funded  by 
the  Hawaii  Department  of  Land  and  Natural  Resources, 
Maui  Department  of  Water  Supply,  and  the  USGS,  has 
just  started  to  investigate  ground-water/surface-water 
interactions  in  northeast  Maui. 

7.  Perennial  stream  data.-- Future  goals  associated 
with  the  issue  of  perennial  stream  data  are  being  partial¬ 
ly  met.  As  noted  earlier  in  the  discussion  on  the  issue  of 
surface-water  availability,  an  extensive  data  base  of  in¬ 
formation  exists  for  perennial  streams.  A  total  of  139  of 
Hawaii's  376  perennial  streams  have  been  gaged.  The 
primary  data-use  categories  applicable  to  this  issue  are 
regional  hydrology  (low  and  peak  flows)  and  hydrolog¬ 
ic  systems.  The  limitations  noted  for  perennial  streams 
in  the  discussion  on  the  issue  of  surface-water  availabil¬ 
ity  are  appropriate  here  as  well.  Alternatives  need  to  be 
considered  to  address  the  issues  of  record  lengths  at 
gages,  geographic  distribution  of  available  data,  use  of 
regional  regression  equations  and  partial-record  gages, 
and  data  needs  for  regulated  streams.  Also,  little  is 
known  about  the  flow  variability  along  stream  reaches. 

8.  Intermittent  stream  data.-Fu\ure  goals  associ¬ 
ated  with  the  issue  of  intermittent  streams  are  being 
minimally  met.  Historically,  100  gages  have  been  oper¬ 
ated  on  streams  classified  as  ephemeral  (or  intermittent) 
and  56  of  these  are  crest-stage  gages  (tables  1-5).  The 
primary  data-use  categories  applicable  to  this  issue  are 
regional  hydrology  (low  and  peak  flows)  and  hydrolog¬ 
ic  systems.  Currently  (1994)  56  gages  are  active  on 
ephemeral  streams,  47  of  which  are  crest-stage  gages 
(tables  1-5).  At  this  time  only  flood-frequency  charac¬ 
teristics  are  estimated  at  the  crest-stage  gages.  Alterna¬ 
tives  need  to  be  considered  to  address  needs  for 
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Table  17.  Candidate  streams  for  protection  and  associated  surface-water  data-collection  stations,  Hawaii,  1994 
[From  Hawaii  Department  of  Land  and  Natural  Resources,  1990;  no  station;  *,  active  as  of  1994] 

Stream  Station 


Kauai 


Kalalau 

Hanakoa 

Hanakapiai 

Maunapuloa 

Wainiha 

Lumahai 

Waioli 

Hanalei 

Wailua  system 

Huleia 

Hanapepe 

Waimea  system 

Nualolo 

— 16117000 - 

16116000 

16115000 

16108000* 

16106000 

16105000 

16100000 

16104200* 

16056800 

16061000 

16068000* 

16071500* 

16055000* 

16039000 

16046000 

16051000 

16010000* 

16015000 

16020000 

16027000 

16030000 

16035000 

16109000 

16101000 

16057000 

16061200* 

16068700 

16071800* 

16042000 

16047000 

16052000* 

16011000 

16016000 

16021000 

16028000 

16031000* 

16036000* 

16110000 

16102000 

16058000 

16062000* 

16069000* 

16100000 

16043000 

16048000 

16012000 

16017000 

16022000 

16029000 

16032000 

16037000 

16111000 

16103000* 

16058500 

16063000 

16070000 

16044000 

16049000* 

16013000 

16018000 

16024000 

16029100 

16033000 

16037100 

16113000 

16104000 

16060000* 

16064000 

16071000* 

16045000 

16050000 

16014000 

16019000* 

16025000 

16029500 

16034000 

16038000* 

Oahu 

Kahana 

16295995 

16296000 

16296500* 

16297000 

Maunawili 

16249200 

16249400 

16249500* 

16249600 

16249800 

16249900* 

16250000 

16254000* 

16256000 

16257000 

16258000 

16260000 

16260500* 

16261000 

16262000 

16263000 

16264100 

16264400 

16264500 

16264800* 

Halawa 

16225800* 

16226000* 

16226200* 

16227000 

16227100* 

Kaupuni 

16211800* 

16211850 

16211900 

Makaleha 

16211300* 

Kiikii  system 

16200000* 

16201000 

16203000 

16204000 

16206000 

16206500 

16207000 

16208000* 

16208500 

16209000 

16210500* 

16210900 

16211000 

16211200* 

Molokai 

Waihanau 

16409000 

Waikolu 

16405100* 

16405500* 

16406000 

16408000* 

Pelekunu 

16403400* 

16403500* 

16403600* 

16403700* 

16403800* 

16403900* 

16404000 

16404200* 

16405000 

Wailau 

16402000 

16403000 

Halawa 

16400000* 

Waialua 

— 

Maul 

Waihee 

16612000 

16613000 

16613500 

16614000* 

Waiehu 

16608000 

16609000 

16609500 

16610000 

16611000 

Iao 

16604000 

16604500* 

16607000* 

Waikapu 

16650000 

16650500* 

Piinaau 

— 

Waiohue 

16515000 

Hanawi 

16508000* 

16509000* 

Oheo 

16501000 

16501200* 

Manawainui 

— 

Hawaii 

Halawa 

— 

Pololu 

— 

Honokane  Nui 

16747000 

16747500 

16748000 

16749000 

16749500 

Waimanu 

16737000 

16737500* 

Wailoa-Waipio 

16720000* 

16720300* 

16720500* 

16721000 

16721500 

16722000 

16722300 

16722600 

16723000 

16724000 

16724800* 

16725000* 

16726000* 

16727000* 

16728000 

16729000 

16730000 

16731000 

16732000 

16732100 

16732150 

16732200 

Lalakea 

— 

Kolekole 

— 

Honolii 

16716000 

16717000* 

Wailuku 

16701700 

16701750 

16701800 

16703000 

16704000* 

16709000 

16710000 

16713000* 
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streamflow  characteristics  other  than  flood  frequencies. 
In  addition,  needs  to  describe  the  variability  of  flow 
along  intermittent  stream  reaches  need  to  be  considered. 

9.  Major  streams  and  water-diversion  systems.- 
Future  goals  associated  with  the  issue  of  major  streams 
and  water-diversion  systems  are  being  partially  met.  In 
the  Hawaii  Stream  Assessment  (Hawaii  Commission  on 
Water  Resource  Management,  1990b,  p.  55),  1 1  streams 
were  classified  as  large.  The  streams  (Wainiha,  Luma- 
hai,  Hanalei,  Wailua,  Hanapepe,  and  Waimeaon  Kauai; 
Waihee  and  Iao  on  Maui;  and  Wailoa/Waipio,  Honolii, 
and  Wailuku  on  Hawaii)  are  also  all  classified  as  candi¬ 
date  streams  for  protection.  As  noted  in  table  17,  at  least 
one  gage  has  been  operated  in  each  of  the  11  large 
stream  basins  and  all  but  Lumahai  Stream  on  Kauai  has 
at  least  one  active  gage.  The  primary  data-use  category 
(table  6)  applicable  to  this  issue  is  hydrologic  systems. 
Hawaii  Commission  on  Water  Resource  Management 
(1992c,  app.  D)  provided  flow  charts  of  the  major  wa¬ 
ter-diversion  systems  in  Hawaii  along  with  average 
flow  rates.  These  data  provide  a  good  baseline  of  infor¬ 
mation  on  the  major  streams  and  water-diversion  sys¬ 
tems.  However,  at  least  three  topics  need  to  be 
addressed  in  the  future.  First,  significant  changes  are 
likely  to  take  place  in  the  future  regarding  use  of  divert¬ 
ed  streamflows.  An  example  would  be  those  related  to 
changes  in  the  agricultural  industry  and  the  crops  being 
planted.  Existing  information  commonly  is  based  on 
historical  data  that  needs  to  be  updated  to  reflect  the 
changes  in  diversions  and  uses.  Second,  in  many  diver¬ 
sion  systems  only  the  total  magnitudes  of  water  with¬ 
drawn  are  known.  Frequently  water  in  these  systems 
comes  from  multiple  sources  and  withdrawals  from  in¬ 
dividual  streams  are  not  known.  Third,  only  three 
(Wailua,  Waimea,  and  Wailoa/Waipio)  of  the  11  large 
stream  systems  have  more  than  two  active  gages.  The 
limited  number  of  active  gages  will  not  be  sufficient  to 
quantify  the  sources  and  sinks  of  water  in  the  major 
streams  and  water  diversion  systems.  To  address  these 
topics,  alternatives  need  to  be  considered. 

10.  Hydrologic  hazards.-- Future  goals  associated 
with  the  issue  of  hydrologic  hazards  related  to  streams 
can,  with  minor  exceptions,  be  adequately  met  with  the 
existing  network.  The  primary  data-use  categories  (ta¬ 
ble  6)  applicable  to  this  issue  are  regional  hydrology 
(low  and  peak  flows)  and  hydrologic  forecasts.  Alterna¬ 
tives  to  address  the  factors  discussed  below  need  to  be 
considered.  Peak-discharge  data  for  streams  in  Hawaii 
are  currently  being  collected  at  89  continuous-record 


and  107  crest-stage  gages.  These  gages  provide  a  rea¬ 
sonable  spatial  and  hydrologic  sampling  of  the  streams 
on  the  islands  of  Kauai,  Oahu,  Molokai,  Maui,  and  Ha¬ 
waii.  Accurate  estimates  of  flood  frequencies  can  be 
made  at  existing  sites  when  sufficient  record  length  is 
available  (fig.  2).  Estimates  of  flood  frequencies  for  un¬ 
gaged  sites  on  Oahu  can  be  made  by  applying  the  tech¬ 
niques  developed  by  Wong  (1994).  For  example,  using 
the  techniques  developed  by  Wong  (1994,  table  8),  an 
estimate  for  the  10-year  flood  can  be  made  for  ungaged 
sites  in  leeward  Oahu  that  is  equivalent  in  accuracy  to 
an  estimate  made  for  a  gaged  site  with  about  8  years  of 
record.  If  estimates  at  ungaged  sites  with  greater  accu¬ 
racy  are  required  then  alternatives  need  to  be  consid¬ 
ered.  Methods  to  estimate  floods  at  ungaged  sites  on  the 
islands  of  Kauai,  Molokai,  Maui,  and  Hawaii  were  last 
evaluated  in  1972  (Yamanaga,  1972),  and  updating  the 
flood-frequency  studies  for  these  islands  could  be  con¬ 
sidered.  Little  information  is  available  concerning  the 
effects  of  urbanization  on  flood  peaks  in  Hawaii  and  the 
current  network  is  not  specifically  designed  to  address 
this  issue.  Warnings  related  to  flooding  on  streams  are 
based  primarily  on  rainfall  data.  How  rainfall  warning 
thresholds  are  related  to  actual  stream  response  could  be 
reviewed.  Flooding  is  frequently  aggravated  by  accu¬ 
mulations  of  debris  in  stream  channels,  yet  little  is 
known  about  the  possible  magnitudes  of  these  effects. 

Hydrologic  hazards  related  to  streams  can  also  in¬ 
volve  drought  periods.  Analyses  of  the  response  of 
streams  to  extend  periods  of  deficient  rainfall  and  their 
frequency  of  occurrence  can  be  made  at  sites  where 
continuous-record  gages  have  been  operated  for  some 
period  of  time.  Methods  to  extend  these  data  to  ungaged 
locations  have  not  been  developed. 

11.  Land-use  changes. -Future  goals  associated 
with  the  issue  of  land-use  changes  can  be  partially  met 
with  the  existing  surface-water  data  program.  The  pri¬ 
mary  data-use  categories  (table  6)  applicable  to  this  is¬ 
sue  are  regional  hydrology  (low  and  peak  flows), 
hydrologic  systems,  and  long-term  trends.  Surface-wa¬ 
ter  data  have  been  collected  in  a  variety  of  land-use  set¬ 
tings  in  Hawaii  (plates  1-5).  These  data  provide  a  base 
of  information  which  can  be  used  to  evaluate  runoff 
from  a  number  of  different  environments.  However, 
only  infrequently  have  detailed  land-use  data  been  com¬ 
piled  for  gaged  watersheds  specifically  to  correlate  with 
the  streamflow  data.  In  addition,  only  a  limited  number 
of  gage  networks  have  been  historically  established  spe¬ 
cifically  to  evaluate  land-use  changes.  A  study  currently 
in  progress  to  evaluate  the  effects  of  constructing  the 
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H-3  freeway  is  one  of  these  (Wong  and  Hill,  1992).  Per¬ 
haps  the  land-use  changes  of  greatest  significance  in 
Hawaii  presently  are  those  related  to  the  ongoing  con¬ 
version  of  agricultural  (sugarcane  and  pineapple)  lands 
to  alternative  crops  and  other  uses,  including  urbaniza¬ 
tion.  Current  gaging  programs  can  not  adequately  ad¬ 
dress  these  issues  and  alternatives  need  to  be 
considered. 

12.  Availability  of  data. -Future  goals  associated 
with  the  issue  of  availability  of  data  are  currently  being 
partially  met.  Operational  changes  have  already  been 
made  so  that  the  goals  will  be  completely  met  in  the  fu¬ 
ture.  Surface-water  data  that  are  collected  are  published 
in  a  series  of  annual  data  reports.  A  target  date  to  com¬ 
plete  all  computation  and  review  steps  and  publish  the 
report  has  been  established  to  be  6  months  after  comple¬ 
tion  of  each  water  year  (by  April  1).  These  data  are  also 
stored  in  electronic  data  bases  and  are  available  in  a  va¬ 
riety  of  formats  and  media  including  the  Internet.  In  ad¬ 
dition  data  will  be  computed  in  a  provisional  format 
when  they  come  in  from  the  field.  Near  real  time,  pro¬ 
visional  releases  of  these  data  will  be  available  as  re¬ 
quired  by  data  users. 

13.  Purposes  for  operating  individual  gages.- 
Future  goals  associated  with  the  issue  of  defining  pur¬ 
poses  for  operating  individual  gages  will  be  partially 
met  with  the  continuation  of  the  system  now  in  place. 
Current  practice  dictates  that  the  purposes  for  operating 
a  station  are  defined  when  the  station  is  established. 
This  information  is  documented  in  the  station  descrip¬ 
tion  kept  in  the  master  file  for  each  station.  Purposes  for 
operating  existing  gages  were  also  defined  and  summa¬ 
rized  as  part  of  earlier  (Yamanaga,  1972,  and  Matsuoka 
and  others,  1985)  and  the  current  (tables  6-8)  surface- 
water  data-collection  evaluations.  To  ensure  that  the  fu¬ 
ture  goal  of  defining  purposes  for  operating  individual 
gages  is  completely  met,  four  changes  need  to  be  con¬ 
sidered.  First,  purposes  for  operating  individual  gages 
need  to  include  a  narrative  statement  and  not  simply  a 
summary  table.  Second,  uses  of  data  collected  at  gages 
change  frequently  and  the  narrative  statements  need  to 
be  reviewed  frequently  and  updated.  Third,  purposes  for 
operating  gages  also  need  to  be  prepared  for  crest-stage 
gages  and  low-flow  partial-record  gages.  Fourth,  crite¬ 
ria  need  to  be  established  that  can  be  used  to  identify  the 
length  of  time  the  gage  needs  to  be  operated  to  meet  the 
identified  purposes. 

14.  Analysis  of  data  collected.-- Future  goals  asso¬ 
ciated  with  the  issue  of  analysis  of  data  are  only  being 


minimally  addressed.  Data  collected  as  part  of  the  sur¬ 
face-water  program  are  routinely  published  and  stored 
in  electronic  data  bases,  however  only  limited  analyses 
of  these  data  are  done.  There  has  only  been  one  detailed 
summary  of  streamflow  characteristics  for  Hawaii  and 
the  published  reports  (Matsuoka,  1981  and  1983)  only 
contain  data  through  1979  water  year.  No  updates  have 
been  prepared  to  include  the  last  15  years  of  data.  As 
noted  in  figures  2  and  3,  the  accuracy  of  streamflow  sta¬ 
tistics  can  improve  significantly  with  additional  years  of 
record  or  more  base-flow  measurements.  Starting  with 
the  1992  annual  data  report  for  Hawaii  (Matsuoka  and 
others,  1993)  a  limited  number  of  statistical  characteris¬ 
tics  for  active,  continuous-record  stations  are  provided. 
Statistical  characteristics  are  provided  for  the  current 
year  and  for  the  period  of  record.  However,  the  existing 
statistical  summary  reports  contain  no  interpretive  anal¬ 
yses,  such  as  frequency  or  trend  studies.  Also,  important 
aspects  such  as  land-use  and  water-use  changes  in  the 
watersheds  upstream  of  surface-water  gages  have  re¬ 
ceived  only  limited  attention  to  date.  To  meet  the  goals 
associated  with  the  issue  of  analysis  of  data  collected, 
alternatives  need  to  be  considered. 

In  this  section  of  the  report,  the  adequacy  of  Ha¬ 
waii's  current  surface-water  data-collection  program  for 
addressing  14  future  issues  was  evaluated.  Results  of 
this  evaluation  are  summarized  in  table  18.  Only  two  of 
the  14  future  issues  can  be  adequately  addressed  with 
the  existing  data  base.  However,  an  additional  eight  is¬ 
sues  are  being  partially  addressed  and  only  four  were 
classified  as  being  minimally  met.  Alternative  data  col¬ 
lection  and  analysis  strategies  that  can  be  used  to  ad¬ 
dress  limitations  in  the  current  surface-water  program 
are  discussed  in  the  next  section  of  the  report. 

Alternative  Data-Collection  Strategies 

As  noted  in  the  previous  section  of  the  report  (table 
18)  Hawaii's  current  (1994)  surface-water,  data-collec¬ 
tion  program  will  not  adequately  address  all  of  the  14 
future  issues  identified  as  part  of  this  evaluation.  If  cost 
were  not  a  factor,  a  simple  alternative  would  be  to  estab¬ 
lish  continuous-record  gages  at  all  of  the  locations 
where  data  are  required.  However,  not  only  is  cost  a  fac¬ 
tor  but  also  data  needs  extend  beyond  simple  site-spe¬ 
cific  considerations.  Data  are  needed  along  entire 
stream  reaches  and  over  complex  highly  regulated  wa¬ 
tersheds  and  not  just  at  specific  points.  Another  key 
consideration  involves  data  accuracy  or  the  level  of  un- 


Surf ace-Water  Quantity  Data-Collection  Program  41 


certainty  (or  error)  that  can  be  tolerated.  Ultimately  this 
is  a  decision  the  data  users  need  to  consider. 

In  this  section  of  the  report  each  of  the  14  future  is¬ 
sues  will  be  considered  individually.  Where  appropriate 
a  list  of  possible  alternatives  will  be  developed  for  each 
issue.  Alternatives  that  could  be  considered  include  (1) 
continuous-record  gages,  (2)  partial -record  gages,  such 
as  crest-stage  and  low-flow  partial-record  gages,  (3) 
miscellaneous  measurements,  (4)  synoptic  surveys,  (5) 
regional  regression  analyses,  (6)  statistical  analyses  of 
data,  (7)  hydrologic  and  hydraulic  modeling,  (8)  and 
publication  of  reports.  Estimates  of  expected  accuracy 
associated  with  the  alternatives  will  be  given  where 
possible.  In  table  20,  streams  where  continuous-record 
gaging  stations  are  needed  and  the  future  issues  they  can 
addressed  are  summarized. 

1.  Ground-water  availability. -Future  goals  asso¬ 
ciated  with  the  issue  of  ground-water  availability  are 
being  partially  met.  As  shown  in  table  14  there  are  sev¬ 
eral  areas  where  surface  runoff  is  not  adequately  de¬ 
scribed.  To  more  completely  address  this  issue  several 
options  can  be  considered.  First,  the  regional  regression 
equations  developed  by  Yamanaga  in  1972  to  estimate 
mean  annual  discharge  at  ungaged  sites  can  be  updated. 
The  data  base  of  streamflow  information  available  for 
such  an  analysis  has  expanded  significantly  in  the  last 
20  plus  years  and  improved  methods  of  statistical  anal¬ 
yses  are  available  (Tasker  and  Stedinger,  1989).  Lower 
standard  errors  for  the  new  equations  could  be  reason¬ 
ably  expected.  Benson  and  Carter  (1973,  fig.  4)  noted 
that,  Nationwide,  27  states  have  regression  equations 


for  mean  annual  flow  with  standard  errors  that  are  equal 
to  or  less  than  that  associated  with  a  gage  having  10 
years  of  record.  However,  only  three  of  the  27  states  had 
equations  with  standard  errors  more  than  three  percent 
lower  than  that  for  10  years  of  record.  Therefore,  stan¬ 
dard  errors  for  updated  regional  equations  would  likely 
be  equivalent  to  those  for  gages  that  were  operated  at 
least  5  but  not  more  than  10  years,  or  12  to  17  percent 
on  average  (fig.  2). 

Second,  to  date  no  attempt  has  been  made  to  use 
data  from  partial-record  gages  to  estimate  runoff.  If  es¬ 
timates  for  runoff  could  be  made  using  these  data  then 
the  number  of  stations  where  runoff  estimates  could  be 
made  would  be  greatly  expanded  (plates  1-5).  This 
could  be  significant,  especially  in  areas  where  intermit¬ 
tent  streams  dominate  and  crest-stage  gages  are  the  pri¬ 
mary  type  of  station  operated  (Kahului-Makena  area  on 
Maui,  for  example).  Low-flow  partial- record  stations 
should  provide  estimates  of  average  runoff  that  are 
comparable  in  accuracy  to  estimates  of  median  stream- 
flows  made  for  these  sites.  Fontaine  (1992,  p.  1)  noted 
that,  in  general,  estimates  of  median  flow  based  on  data 
from  low-flow  partial-record  stations  had  smaller  errors 
than  those  for  regional  regression  equations. 

Third,  use  of  rainfall-runoff  modeling  could  be  ex¬ 
plored.  Using  this  option,  rainfall-runoff  models  would 
be  calibrated  in  watersheds  where  sufficient  data  exist. 
Calibrated  model  parameters  would  then  be  extrapolat¬ 
ed  to  provide  model  estimates  of  runoff  in  ungaged  wa¬ 
tersheds  where  historical  rainfall  data  are  available  to 
drive  the  model.  No  applications  of  this  specific  type 


Table  18.  Adequacy  of  Hawaii’s  current  (1994)  surface-water  data  collection  program  for  addressing  future  issues  and  associat¬ 
ed  goals. 


Issue 

Goals 

Remarks 

1. 

Ground-water  availability 

Partially  met 

2. 

Surface-water  availability 

Partially  met 

3. 

Long-term  baseline  information 

Adequately  met 

Only  minor  exceptions  remain  to  be  addressed 

4. 

Streams  for  protection 

Partially  met 

5. 

Identification  of  perennial  stream  reaches 

Minimally  met 

6. 

Ground-water/surface-water  interaction 

Minimally  met 

7. 

Perennial  streams 

Partially  met 

8. 

Intermittent  streams 

Minimally  met 

9. 

Major  streams  and  water  diversion  systems 

Partially  met 

10. 

Hydrologic  hazards 

Adequately  met 

Only  minor  exceptions  remain  to  be  addressed 

11. 

Land-use  changes 

Partially  met 

12. 

Availability  of  data 

Partially  met 

Changes  already  enacted  to  meet  goal 

13. 

Purposes  for  operating  individual  gages 

Partially  met 

14. 

Analysis  of  data  collected 

Minimally  met 
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have  been  made  in  Hawaii  and  therefore  estimates  of 
standard  errors  to  be  expected  will  not  be  given  here. 
Nakama  (1994,  table  4)  noted  that  calibrated  rainfall- 
runoff  models  developed  for  watersheds  on  Guam  pro¬ 
vided  estimates  of  annual  runoff  that  were  generally 
within  20  percent  of  the  actual  values. 

Fourth,  additional  continuous-record  gages  could 
be  considered.  This  method  would  ultimately  provide 
estimates  with  the  greatest  accuracy.  A  significant  ben¬ 
efit  of  additional  gages  is  that  they  not  only  provide  ac¬ 
curate  estimates  of  runoff  but  they  can  also  be  used  to 
define  the  division  of  flow  between  surface  runoff  and 
base  flow.  Also,  estimates  of  other  streamflow  charac¬ 
teristics  can  be  made  at  these  gages.  In  figure  7,  approx¬ 
imate  locations  where  stream-gaging  stations  are 
needed  to  address  the  most  significant  data  gaps  identi¬ 
fied  for  areas  of  increasing  ground-water  demands  are 
shown. 

2.  Surface-water  availability.- Future  goals  asso¬ 
ciated  with  the  issue  of  surface-water  availability  are 
being  partially  met.  However,  as  noted  in  the  previous 
section,  only  139  of  Hawaii's  376  perennial  streams 
have  been  gaged  at  any  time  and  few  ephemeral  streams 
have  ever  been  gaged.  Options  to  improve  our  under¬ 
standing  of  surface-water  availability  include  the  fol¬ 
lowing.  First,  methodologies  outlined  in  the  section  on 
evaluation  of  the  program,  regarding  the  length  of  time 
a  station  should  be  operated,  are  good  guidelines  to  fol¬ 
low.  Operation  of  gages  for  a  minimum  number  of  years 
will  dramatically  increase  the  accuracy  of  estimated 
streamflow  characteristics  at  the  sites  (fig.  2). 

Second,  existing  regional  regression  equations  can 
be  updated  and  equations  for  new  streamflow  character¬ 
istics  generated.  Yamanaga  (1972)  developed  regres¬ 
sion  equations  for  a  number  of  streamflow  character¬ 
istics,  however  only  the  flood-frequency  equations  for 
Oahu  (Wong,  1994)  have  been  updated  in  the  past  20 
plus  years.  The  only  new  streamflow  characteristic  for 
which  a  regression  equation  has  been  developed  since 
1972  is  median  streamflow  (Fontaine,  1992).  Updating 
regression  equations  with  the  additional  20  plus  years  of 
record  and  using  recently  improved  statistical  methods 
can  significantly  improve  results.  For  example,  the  stan¬ 
dard  error  for  estimates  of  the  10-year  flood  for  leeward 
Oahu  using  the  1972  equations  are  50  percent  whereas 
those  for  the  recently  updated  equations  are  36  percent 
(Wong,  1994).  Fifty  and  36  percent  represent  accuracies 
equivalent  to  a  gage  with  about  4  and  8  years  of  record 


(table  9).  These  findings  support  the  results  of  Benson 
and  Carter's  (1973)  Nationwide  analysis  which  indi¬ 
cates  that  regional  regression  equations  can  approxi¬ 
mate,  but  seldom  significantly  exceed,  accuracies 
equivalent  to  about  10  years  of  gage  record.  The  data  in 
figure  2  and  table  9  can  be  used  to  estimate  the  magni¬ 
tudes  of  errors  that  could  be  expected  using  regional  re¬ 
gression  equations  in  Hawaii  assuming  equations 
approaching  10  years  of  equivalent  gage  record  are  ob¬ 
tained. 

Third,  for  studies  that  are  specific  to  certain  stream 
reaches  or  regions,  the  density  of  gage  data  required 
likely  will  never  be  available.  Alternatives  in  these  sit¬ 
uations  are  to  use  hydrologic  models  to  expand  the 
available  data  base  in  terms  of  time  or  in  terms  of  dis¬ 
tance  along  stream  reaches.  Examples  of  models  that 
could  provide  these  capabilities  are  rainfall-runoff  mod¬ 
els  that  use  rainfall  data  to  extend  streamflow  records 
(Leavesley  and  others,  1983)  or  streamflow-routing 
models  that  translate  data  along  stream  reaches  (Jobson, 
1989).  Hydrologic  models  can  provide  valuable  data  in 
areas  where  little  or  none  exist;  however,  the  models 
will  not  produce  streamflow  records  that  are  equivalent 
in  accuracy  to  those  collected  at  gaging  stations. 

Fourth,  partial-record  stations  such  as  crest-stage 
and  low-flow  partial -record  gages  can  be  operated  for  a 
fraction  of  the  cost  of  a  continuous-record  gage  and  cost 
little  or  nothing  to  install.  Crest-stage  gages  can  provide 
flood-frequency  data  that  are  equivalent  in  accuracy  to 
data  from  a  continuous-record  station.  Low-flow  par¬ 
tial-record  stations  can  be  used  to  provide  estimates  of 
low-flow  characteristics  that  are  generally  more  accu¬ 
rate  than  those  from  regional  regression  equations  but 
not  equivalent  in  accuracy  to  data  from  a  continuous- 
record  station  (Fontaine,  1992,  p.  1).  Alternatives  that 
include  use  of  partial-record  stations,  where  appropri¬ 
ate,  need  to  be  considered,  especially  in  areas  where 
monitoring  of  streamflow  at  a  large  number  of  sites 
would  be  required.  These  types  of  networks  would  be 
designed  on  an  as  needed  basis. 

Fifth  is  the  method  that  would  ultimately  provide 
estimates  with  the  greatest  accuracy:  additional  contin¬ 
uous-record  gages.  Note  that  when  a  continuous  record 
is  available  at  a  site,  all  of  the  required  streamflow  char¬ 
acteristics  can  be  computed.  A  program  of  annually  re¬ 
viewing  the  purposes  for  which  existing  gages  are 
operated  and  discontinuing  those  no  longer  needed  (for 
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Figure  7.  Approximate  locations  where  stream-gaging  stations  are  needed  to  provide  estimates  of  runoff  in 
areas  of  increasing  ground-water  demand,  Hawaii,  1994. 
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example,  table  10)  would  free  resources  that  could  be 
used  to  establish  new  stations.  In  figure  8  approximate 
locations  for  gaging  stations  that  could  be  used  to  ad¬ 
dress  the  most  significant  data  gaps  identified  in  the  pre¬ 
vious  section  for  the  issue  of  surface-water  availability 
are  shown. 

3.  Long-term  baseline  data-collection  and 
trends.-Future  goals  associated  with  the  issue  of  long¬ 
term  baseline  information  are  being  adequately  met, 
with  minor  exceptions.  Simple  alternatives  to  address 
all  the  minor  exceptions  can  be  considered.  First,  all  the 
stations  listed  in  table  16  need  to  be  clearly  designated 
as  long-term  baseline  stations  and  they  need  to  remain 
in  operation  as  long  as  they  are  free  of  significant  artifi¬ 
cial  influences.  Second,  funding  for  stations  16229000, 
Kalihi  Stream  on  Oahu,  and  16717000,  Honolii  Stream 
on  Hawaii,  has  been  cut  (federal  program).  Both  sta¬ 
tions  are  valuable  long-term  baseline  sites  and  new 
funding  needs  to  be  provided  to  continue  their  opera¬ 
tion.  Third,  when  sufficient  data  are  available,  the  effect 
on  streamflow  at  station  16211600,  Makaha  Stream  on 
Oahu,  from  the  new  upstream  water-supply  wells  needs 
to  be  determined.  If  streamflow  is  affected,  then  a  new 
long-term  baseline  station  in  the  area  needs  to  be  estab¬ 
lished.  Two  possible  replacement  sites  include  stations 
at  Mailiilii  and  Nanakuli  Streams  identified  as  part  of 
the  alternatives  developed  for  the  issue  of  surface-water 
availability  (fig.  8).  Fourth,  new  stations  need  to  be  es¬ 
tablished  to  meet  the  deficiencies  in  geographic  and  hy¬ 
drologic  coverage  noted  for  the  islands  of  Kauai, 
Molokai,  Maui,  and  Hawaii.  Possible  locations  for  sta¬ 
tions  are  identified  in  figure  6.  The  stations,  listed  in  ta¬ 
ble  19,  include  four  active  sites  where  a  simple  change 
in  identified  station  use  is  all  that  is  needed.  Three  of  the 
stations  are  inactive  gages  that  need  to  be  reestablished. 
Including  stations  16010000  and  16518000  as  long¬ 


term  trend  stations  may  be  slightly  redundant  because 
similar  stations  are  nearby.  However,  the  unaltered  con¬ 
dition  of  the  watersheds  and  their  length  of  available 
record  (77  and  75  years)  make  these  stations  extremely 
valuable. 

4.  Identification  of  streams  for  protection.-Fu- 
ture  goals  associated  with  the  issue  of  streams  for  pro¬ 
tection  are  being  partially  met.  Selection  of  the  streams 
for  protection  is  presently  (1994)  subject  to  debate 
(Stream  Protection  and  Management  Task  Force, 

1994).  Therefore,  no  alternatives  will  be  presented  here. 
However,  most  of  the  selected  streams  will  probably 
come  from  the  list  of  candidate  streams  for  protection 
identified  in  table  17.  Note  that  stream -gaging  alterna¬ 
tives  identified  for  the  three  previous  issues  (figs.  6-8) 
include  stations  for  the  following  candidate  streams  for 
protection,  Huleia,  Hanapepe,  and  Nualolo  Streams  on 
Kauai;  Kiikii  Stream  on  Oahu;  Waihanau  and  Waialua 
Streams  on  Molokai;  Waihee,  Iao,  and  Waikapu 
Streams  on  Maui;  and  Halawa,  Waimanu,  Kolekole, 
and  Honolii  Streams  on  Hawaii.  No  continuous-record 
gages  were  currently  active  on  Huleia,  Nualolo,  Wa¬ 
ialua,  Waikapu,  Halawa,  and  Kolekole  Streams.  Even 
without  specific  alternatives,  responses  to  other  issues 
could  provide  some  level  of  new  action  in  the  area  of 
streams  for  protection.  In  the  future,  as  streams  for  pro¬ 
tection  are  identified,  unmet  data  needs  can  be  identi¬ 
fied  and  appropriate  plans  for  action  implemented. 

5.  Identification  of  perennial  stream  reaches.- 
Future  goals  associated  with  the  issue  identification  of 
perennial  stream  reaches  are  being  minimally  ad¬ 
dressed.  The  Hawaii  Stream  Assessment  report  (Hawaii 
Commission  on  Water  Resource  Management,  1990b) 
represents  an  excellent  reference  identifying  streams 
that  have  perennial  reaches.  These  data  need  to  be  up¬ 
dated  and  revised  as  new  data  becomes  available.  Geo- 


Table  19.  Possible  continuous-record  stream-gaging  stations  to  be  added  to  the  long-term  trend  data  network,  Hawaii,  1994 

[P,  station  in  operation  as  of  water  year  1994] 


Station  number 

Station  name 

Current  status 

Period  of 

continuous  record 

Years  of 
record 

16010000 

Kawaikoi  Stream  near  Waimea,  Kauai 

active 

1909-16,  1919— P 

77 

16048000 

Manuahi  Stream  at  Koula  near  Eleele,  Kauai 

inactive 

1917-20 

3 

16404200 

Pilipililau  Stream  near  Pelekunu,  Molokai 

active 

1968-P 

25 

16411400 

Kakaako  Gulch  near  Mauna  Loa,  Molokai 

active  1 

1963-72 

9 

16518000 

West  Wailuaiki  Stream  near  Keanae,  Maui 

active 

1914-15,  1916-17 
1921-P 

75 

16647000 

Ukumehame  Gulch  near  Olowalu,  Maui 

inactive 

1911-12,  1913-16 
1916-19 

6 

16759200 

Right  Branch  Waiaha  Stream  near  Holualoa,  Hawaii 

inactive 

1960-82 

24 

*  Since  1972  operated  as  a  crest-stage  gage 
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Figure  8.  Approximate  locations  where  stream-gaging  stations  are  needed  for  surface-water  availability 
data,  Hawaii,  1994. 
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graphic  information  system  (GIS)  technology  could  be 
used  to  translate  the  existing  information  into  a  spatial 
data  base  with  the  actual  reaches  where  flow  is  perenni¬ 
al  identified.  Existing  information  from  seepage  runs 
and  ongoing  ground-water/surface-water  interaction 
studies  (northeast  Maui)  will  provide  some  of  the  data 
required  and  needs  to  be  incorporated  into  the  data  base 
of  perennial  stream  reaches.  Stream  biological  data 
available  from  sources  such  as  the  Hawaii  Division  of 
Aquatic  Resources  and  the  U.S.  Fish  and  Wildlife  Ser¬ 
vice  and  streamflow  diversion  data  available  from  the 
Hawaii  Department  of  Land  and  Natural  Resources  can 
also  provide  additional  information.  Several  stream 
reaches  on  otherwise  perennial  streams  are  actually  in¬ 
termittent  as  a  result  of  water  diversions.  This  diversion 
data,  for  the  most  part,  exists  and  needs  to  be  incorpo¬ 
rated  into  the  data  base.  The  primary  alternative  to  ad¬ 
dress  the  gaps  that  still  exist  in  the  data  base  on 
perennial  stream  reaches  are  seepage  runs  along  stream 
reaches  during  periods  when  low  base-flow  conditions 
exist.  Data  from  the  existing  network  of  continuous- 
record  gages  and  the  long-term  baseline  stations  can  be 
used  to  identify  when  these  periods  of  low  base  flow  are 
taking  place. 

6.  Ground-water/ surface-water  interaction.- 
Future  goals  associated  with  the  issue  of  ground-wa¬ 
ter/surface-water  interaction  are  being  minimally  ad¬ 
dressed.  As  noted  earlier,  the  current  surface-water 
data-collection  program  is  structured  primarily  to  pro¬ 
vide  data  at  specific  locations  on  streams.  To  address 
the  issue  of  ground-water/surface-water  interactions, 
data  describing  the  variability  of  base  flow  along  stream 
reaches  are  required.  These  data  requirements  are 
stream  specific  and  require  intensive  measurements  of 
flow  along  the  stream.  The  number  of  options  that  can 
be  used  to  more  completely  address  this  issue  are  limit¬ 
ed.  Options  that  would  support  these  stream-specific 
studies  include  the  following.  First,  a  network  of  contin¬ 
uous-record  gages  are  required  so  that  periods  of  base 
flow  in  the  areas  in  question  can  be  identified.  Data 
from  the  existing  network,  augmented  by  the  needed  pe¬ 
rennial  stream  stations  indicated  in  figures  6-8,  are 
probably  adequate,  at  most  sites,  for  identifying  periods 
of  base  flow.  Second,  streamflow  measurements  made 
as  part  of  seepage  runs  are  generally  considered  miscel¬ 
laneous  measurements  and  are  commonly  not  stored  in 
any  data  base.  A  consolidation  of  data  collected  as  part 
of  seepage  runs  would  be  valuable.  Included  in  the  data 
base  would  be  the  identification  of  stream  reaches, 
dates,  locations  where  measurements  were  made,  mea¬ 


sured  discharges,  geologic  and  streambed  characteris¬ 
tics,  and  descriptions  of  hydrologic  conditions  before 
and  during  the  seepage  runs. 

7.  Perennial  stream  data.- Future  goals  associated 
with  the  issue  of  perennial  streams  are  being  partially 
met.  Limitations  in  our  understanding  of  perennial 
streams  are  essentially  the  same  as  those  noted  for  the 
issue  of  surface-water  availability.  Earlier  five  possible 
alternatives  to  address  limitations  associated  with  the  is¬ 
sue  of  surface-water  availability  were  discussed,  in¬ 
cluding  the  identification  of  possible  locations  for  new 
gages  (fig.  8).  These  same  five  alternatives  are  appro¬ 
priate  for  the  issue  of  perennial  streams  and  will  not  be 
repeated  here.  One  exception  is  that  needed  gages  on 
Kakaako  Gulch  on  Molokai,  Waiakoa  and  Kepuni 
Gulches  on  Maui,  and  Waiulaula  and  Hilea  Gulches  on 
Hawaii  (fig.  8)  are  located  on  intermittent  streams  and 
would  not  be  appropriate  for  addressing  the  issue  of  pe¬ 
rennial  streams. 

8.  Intermittent  stream  data.- Future  goals  associ¬ 
ated  with  the  issue  of  intermittent  streams  are  being 
minimally  met.  The  following  alternatives  have  the  po¬ 
tential  to  significantly  increase  our  understanding  of  the 
hydrology  of  intermittent  streams  in  Hawaii.  First,  a 
significant  source  of  information  on  intermittent 
streams  are  the  numerous  crest-stage  gages  that  have 
been  operated.  Currently  data  from  crest-stage  gages 
are  used  only  to  estimate  flood-frequency  characteris¬ 
tics  and  no  attempts  have  been  made  to  use  these  data  to 
estimate  other  streamflow  characteristics.  The  feasibili¬ 
ty  of  estimating  additional  characteristics,  such  as  aver¬ 
age  runoff,  at  crest-stage  gages  needs  to  be  explored. 
Second,  as  noted  earlier,  regional  regression  equations 
have  in  general  not  been  updated  for  more  than  20 
years.  Possible  uses  of  regional  estimating  equations  for 
ungaged  sites  on  intermittent  streams  need  to  be  ex¬ 
plored.  Third,  significant  volumes  of  ground-water  re¬ 
charge  likely  takes  place  along  intermittent  stream 
channels.  To  evaluate  this  factor,  locating  multiple  gag¬ 
es  along  intermittent  streams  would  be  of  use.  Potential 
streams  where  additional  gages  could  provide  this  re¬ 
charge  information  include  Kaunakakai  Stream  on 
Molokai,  Waiakoa  and  Kulanihakoi  Gulches  on  Maui, 
and  Waiaha  Stream  and  Hilea  Gulch  on  Hawaii  (fig.  9). 
Fourth,  intermittent  streams  need  to  be  included  in  the 
network  of  long-term  trend  stations.  Possible  stations 
would  include  needed  gages  on  Kakaako  Gulch  on 
Molokai  and  Waiaha  Stream  on  Hawaii  (fig.  6).  Fifth, 
gages  on  intermittent  streams  would  provide  the  highest 
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Figure  9.  Approximate  locations  where  stream-gaging  stations  are  needed  for  intermittent  stream  data, 
Hawaii,  1994. 
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level  of  information  at  the  locations  of  gages.  Possible 
locations  where  continuous-record  gages  on  intermit¬ 
tent  streams  would  be  of  benefit  are  shown  in  figure  9. 

9.  Major  streams  and  water-diversion  sy  stems. - 
Future  goals  associated  with  the  issue  of  major  streams 
and  water-diversion  systems  are  being  partially  met.  In 
the  section  of  the  report  on  the  evaluation  of  future 
goals,  three  topics  that  need  to  be  considered  were  iden¬ 
tified.  These  topics  included  (1)  changes  in  the  use  of 
water  in  diversion  systems,  (2)  quantification  of  water 
sources  along  multiple-source  diversions,  and  (3)  lack 
of  active  gages  on  major  streams.  Alternatives  to  ad¬ 
dress  these  three  topics  need  to  include  some  degree  of 
gaging  activity.  Most  major  streams  and  all  diversion 
systems  are  highly  regulated.  Previous  study  has  indi¬ 
cated  that  extrapolation  of  data  to  ungaged  sites  or  par¬ 
tial-record  sites  in  regulated  stream  systems  requires  the 
existence  of  continuous-record  data  in  the  system  (Fon¬ 
taine,  1992).  To  address  the  first  topic,  new  continuous- 
record  gages  should  be  established  along  major  diver¬ 
sion  systems  where  changes  in  magnitudes  of  water  use 
are  being  considered.  A  less  expensive  alternative 
would  be  to  establish  partial-record  sites  on  the  diver¬ 
sion  systems.  Along  most  diversions  the  primary  data 
required  are  some  measures  of  total  water  use.  To  meet 
this  requirement  estimates  of  monthly  and  annual  mean 
flows  would  be  sufficient.  Ries  (1990)  documented  the 
application  of  a  method  that  used  individual  discharge 
measurements  to  estimate  monthly  mean  flows.  Riggs 
(1969)  and  Parrett  and  Hull  (1986)  report  that  the  annu¬ 
al  mean  discharge,  produced  by  summing  and  averag¬ 
ing  the  estimated  monthly  means,  can  be  within  about 
10  percent  of  actual,  on  average.  To  address  the  second 
topic,  synoptic  measurements  of  flow  along  diversion 
systems  need  to  be  done.  These  synoptic  measurement 
programs  could  be  used  to  identify  magnitudes  of  water 
gains  or  losses  along  the  diversion  systems  and  where 
they  take  place.  To  address  the  third  topic,  attempts 
need  to  be  made  to  establish  additional  continuous- 
record  gages.  Possible  locations  where  continuous- 
record  gages  on  major  streams  would  be  of  benefit  are 
shown  in  figure  10. 

10.  Hydrologic  hazards.- Future  goals  associated 
with  the  issue  of  hydrologic  hazards  are  being  adequate¬ 
ly  met,  with  minor  exceptions.  Six  alternatives  to  ad¬ 
dress  some  of  these  exceptions  could  be  considered. 
First,  Wong  (1994)  has  developed  regional  regression 
equations  that  can  be  used  to  provide  estimates  of  the 
magnitude  and  frequency  of  floods  on  ungaged  streams 


on  Oahu.  Wong  (1994)  also  updated  flood-frequency 
estimates  for  gaged  locations  on  Oahu.  Regional  regres¬ 
sion  analyses  could  be  done  using  existing  data  for  the 
islands  of  Kauai,  Molokai,  Maui,  and  Hawaii.  Second, 
as  noted  in  table  1 1,  a  total  of  48  crest-stage  gages  have 
close  to  40  years  of  record.  In  the  near  future  some  of 
these  gages  could  be  discontinued  and  relocated  to  ba¬ 
sins  where  the  degree  of  urban  development  is  signifi¬ 
cant  or  increasing.  Third,  to  refine  flood  warning 
systems,  stream  response  to  periods  of  intense  rainfall 
needs  to  be  evaluated.  Possible  options  include  the  anal¬ 
ysis  of  rainfall/peak-runoff  relations  in  gaged  water¬ 
sheds  or  the  use  of  rainfall-runoff  models  to  simulate 
them  (Shade,  1984).  Watersheds  such  as  North  Halawa 
and  Moanalua  valleys  on  Oahu  have  extensive  rainfall 
and  runoff  data  available  for  such  analyses.  Fourth,  ac¬ 
cumulations  of  woody  debris,  particularly  at  bridges, 
often  aggravates  flood  hazards.  To  address  this  prob¬ 
lem,  data  needs  to  be  collected  so  that  correlations  be¬ 
tween  magnitudes  of  flood  peaks  and  relative  degrees  of 
debris  accumulations  can  be  established.  These  data  can 
be  used  to  identify  sites  where  debris  accumulation  is 
common.  Hydraulic  models  (Shearman,  1990)  could 
then  be  used  to  establish  the  different  stream  responses 
at  the  problem  sites  during  floods  if  varying  magnitudes 
of  debris  accumulated.  These  data  would  aid  in  the  de¬ 
sign  of  stream  crossings  and  could  be  used  to  more  ac¬ 
curately  identify  high-risk  flood  hazard  areas.  Fifth, 
attempts  need  to  be  made  to  document  the  magnitudes 
of  extreme  floods  at  all  inactive  gages  in  flood- affected 
areas.  Cohn  and  Stedinger  (1987)  have  demonstrated 
that  information  obtained  for  extreme  floods  outside  the 
period  of  systematic  data  collection  can  be  used  to  sig¬ 
nificantly  improve  flood-frequency  estimates.  Sixth,  re¬ 
gional  regression  analyses  needs  to  be  undertaken  to 
evaluate  the  responses  of  both  gaged  and  ungaged 
streams  to  periods  of  drought. 

11.  Land-use  changes. -Future  goals  associated 
with  the  issue  of  land-use  changes  are  being  partially 
met.  To  address  this  issue  more  completely,  several  op¬ 
tions  can  be  considered.  First,  land  uses  within  gaged 
watersheds  need  to  be  documented  and  updated  regular¬ 
ly.  Second,  as  noted  in  the  previous  section,  some  of  the 
crest-stage  gages  need  to  be  relocated  to  basins  where 
the  degree  of  urban  development  is  significant  or  is  in¬ 
creasing.  Third,  continuous-record  gages  need  to  be  lo¬ 
cated  in  watersheds  where  significant  changes  in 
agricultural  practices  are  anticipated.  Possible  examples 
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Figure  10.  Approximate  locations  where  stream-gaging  stations  are  needed  for  major  stream  and 
water-diversion  system  data,  Hawaii,  1994. 
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would  be  the  Waialua  area  on  Oahu  and  the  Hamakua 
coast  on  Hawaii.  Data  from  these  possible  continuous- 
record  gages  could  also  support  any  analyses  of  water 
quality  and  sediment  that  might  be  called  for  in  these  ar¬ 
eas.  Fourth,  analyses  of  existing  data  bases  need  to  be 
undertaken  to  determine  to  what  degree,  if  any,  past 
land-use  changes  within  watersheds  have  affected  rain¬ 
fall-runoff  relations.  Such  analyses  could  also  be  con¬ 
ducted  on  multiple  watersheds  with  differing  land  uses. 

12.  Availability  of  dato. --Future  goals  associated 
with  the  issue  of  availability  of  data  are  currently  being 
partially  met.  As  noted  in  the  previous  section,  opera¬ 
tional  changes  have  already  been  made  to  meet  this 
goal.  Changes  primarily  involve  timeliness  of  data  col¬ 
lection,  analyses,  and  publication  and  the  availability  of 
data  in  a  variety  of  electronic  formats. 

13.  Purposes  for  operating  individual  stations.- 
Future  goals  associated  with  the  issue  purposes  for  op¬ 
erating  individual  gages  are  currently  being  partially 
met.  Four  changes  were  discussed  in  the  previous  sec¬ 
tion  that,  when  made,  would  allow  the  goals  associated 
with  this  issue  to  be  completely  met  in  the  future.  The 
proposed  changes  call  for  the  following  actions.  First, 
narrative  statements  describing  why  gages  are  operated 
need  to  be  written.  The  narratives  are  expansions  of  the 
information  summarized  in  table  6.  Second,  the  narra¬ 
tive  statements  need  to  be  updated  on  a  regular  basis. 
Third,  narrative  statements  describing  why  gages  are 
operated  need  to  be  prepared  for  crest-stage  gages  and 
low-flow  partial-record  gages  as  well  (tables  7-8). 
Fourth,  the  length  of  time  individual  gages  should  be 
operated  needs  to  be  estimated.  The  period  of  operation 
is  based  on  the  established  purposes  for  operating  the 
station  and  is  determined  using  the  methodology  de¬ 
scribed  in  this  report  to  evaluate  the  current  program. 
Desired  periods  of  operation  may  change  as  purposes 
for  operating  the  station  change,  therefore  regular  up¬ 
dates  are  needed. 

14.  Analysis  of  data  collected.-Fuiurc  goals  asso¬ 
ciated  with  the  issue  of  analysis  of  data  collected  are  be¬ 
ing  minimally  met.  The  inclusion  of  a  limited  number  of 
statistical  characteristics  in  annual  data  reports,  starting 
with  the  1992  water  year,  was  a  step  forward.  A  simple 
alternative  to  more  completely  address  this  issue  would 
be  to  publish  reports  that  provide  statistical  summaries 
and  interpretive  analyses  of  the  data  collected  and  de¬ 
scriptions  of  watershed  characteristics.  Analyses  for 
stations  where  additional  data  are  available  need  to  be 


updated  as  often  as  every  five  years.  Information  that 
could  be  included  as  part  of  these  reports  would  be  the 
following: 

1.  Drainage  area; 

2.  Period  of  record  of  station; 

3.  Summaries  of  watershed  characteristics  such  as 
topography,  vegetation,  rock  types,  land  use,  and 
channel  slopes; 

4.  Artificial  influences,  such  as  diversions; 

5.  Dates  when  significant  watershed  changes  took 
place; 

6.  Statistical  summaries  such  as  flow-duration 
curves,  average  discharge,  annual  mean  discharg¬ 
es,  streamflow  characteristics  by  month,  and  n- 
day  high-  and  low-flow  analyses; 

7.  Interpretive  analyses  such  as  flood  frequency, 
trend  analyses  (especially  for  long-term  trend  sta¬ 
tions),  base-flow  separations,  and  computations 
of  runoff  ratios; 

8.  Analyses  of  flood  data  at  crest-stage  gages;  and 

9.  Analyses  of  streamflow  characteristics  at  low- 
flow  partial-record  stations. 

In  this  section  of  the  report  alternative  data  collec¬ 
tion  strategies  that  could  be  used  to  address  each  of  the 
identified  14  future  issues  were  discussed.  Multiple  al¬ 
ternatives  are  worth  considering.  For  most  of  the  issues 
the  most  accurate  alternatives  would  be  those  that  in¬ 
cluded  operation  of  additional  continuous-record  gag¬ 
ing  stations.  In  table  20  streams  where  continuous- 
record  gaging  stations  have  been  proposed  and  the  fu¬ 
ture  issues  they  can  address  are  summarized. 

SURFACE-WATER  QUALITY  DATA- 
COLLECTION  PROGRAM 

Unlike  data  on  surface-water  quantity,  collection 
and  analysis  of  data  on  surface-water  quality  in  Hawaii 
is  spread  among  several  diverse  private  groups,  local, 
county,  state,  and  federal  agencies,  and  universities.  It  is 
probably  fair  to  say  that  no  systematic,  Statewide,  base¬ 
line  surface-water  quality  monitoring  program  current¬ 
ly  exists  in  Hawaii.  Most  of  the  data-collection 
activities  being  conducted  by  the  various  groups  are 
area  or  project  specific  and  primarily  are  associated 
with  ground- water  issues. 
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Table  20.  Summary  of  streams  where  gaging  stations  are  needed  to  further  address  selected  future  issues,  Hawaii,  1994 
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Table  20.  Summary  of  streams  where  gaging  stations  are  needed  to  further  address  selected  future  issues,  Hawaii,  1994--Continued 
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Historical  Program 

The  systematic  collection  of  surface-water  quality 
data  by  the  USGS  in  Hawaii  did  not  begin  until  the  late 
1960's.  Some  of  the  first  surface-water  quality  data 
were  collected  as  part  of  two  Nationwide  programs  op¬ 
erated  by  USGS,  the  National  Stream  Quality  Account¬ 
ing  Network  (NASQAN),  and  the  Hydrologic  Bench- 
Mark  Network  (HBM).  The  NASQAN  program  is  a  Na¬ 
tionwide  data-collection  network  designed  to  meet 
many  of  the  information  needs  of  government  agencies 
and  others  involved  in  water-quality  planning  and  man¬ 
agement  (Matsuoka  and  others,  1993,  p.  4).  The  HBM 
program  currently  includes  a  Nationwide  network  of  58 
data-collection  sites  operated  with  the  objectives  of 
documenting  the  hydrologic  characteristics  of  represen¬ 
tative,  undeveloped  watersheds  nationwide  and  provid¬ 
ing  a  comparative  base  for  studying  artificial  effects  on 
the  hydrologic  environment  (Lawrence,  1987,  p.  l).The 
first  NASQAN  stations  in  Hawaii  were  established  in 
the  late  1960's  and  by  1977  a  total  of  six  stations  were 
in  operation.  The  six  NASQAN  stations  in  Hawaii  in¬ 
cluded  16031000  on  the  Waimea  River  on  Kauai; 
16213000  on  Waikele  and  16229300  on  Kalihi  Streams 
on  Oahu;  16400000  on  Halawa  Stream  on  Molokai; 
16618000  on  Kahakuloa  Stream  on  Maui;  and 
1 67 13000  on  Wailuku  River  on  Hawaii.  A  HBM  station 
was  established  on  Honolii  Stream  on  Hawaii  (station 
16717000)  in  1969.  Water-quality  data  collected  at  the 
NASQAN  and  HBM  stations  included  physical  proper¬ 
ties,  sediment  data,  common  ions,  metals,  general  or¬ 
ganic  properties,  biological  properties,  phytoplankton 
data,  pesticides,  and  sometimes  continuous  records  of 
specific  conductance,  suspended- sediment  discharge, 
and  water  temperature. 

In  the  early  1970's  a  regular  program  was  estab¬ 
lished  in  which  limited  analyses  of  physical  properties, 
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common  ions,  and  nutrients  were  conducted  on  a  regu¬ 
lar  basis  at  active,  continuous-record  stream  gages. 
These  analyses  were  gradually  phased  out  and  by  1989 
were  discontinued  completely.  In  addition  to  the  above 
programs  the  USGS  has  also  been  involved  in  special 
studies  that  have  extensive  surface-water  quality  com¬ 
ponents.  The  most  significant  of  these  special  projects 
are  those  done  on  Moanalua  Stream,  North  Halawa 
Stream,  and  windward  streams  in  association  with  con¬ 
struction  of  the  H-3  freeway. 

A  listing  of  stations  where  surface-water  quality 
data  has  been  collected  by  the  USGS  along  with  a  sum¬ 
mary  of  the  types  of  data  collected  and  periods  of  avail¬ 
able  record  are  provided  in  tables  21  through  25  (at  end 
of  report).  Historically,  data  has  been  collected  at  30 
sites  on  Kauai,  75  sites  on  Oahu,  12  sites  on  Molokai, 
24  sites  on  Maui,  and  30  sites  on  Hawaii.  Locations  of 
these  sites  are  summarized  on  figures  11  through  15. 

Current  Program 

Currently  (1994)  surface-water  quality  data  are  be¬ 
ing  collected  at  two  sites  on  Maui,  14  sites  on  Oahu,  one 
site  on  Molokai,  one  site  on  Maui,  and  one  site  on  Ha¬ 
waii  (tables  21-25).  The  NASQAN  program  now  in¬ 
cludes  data  collection  at  only  three  stations  in  Hawaii: 
Waimea  River  on  Kauai,  Waikele  Stream  on  Oahu,  and 
Halawa  Stream  on  Molokai.  Further  reductions  in  the 
NASQAN  program  are  being  considered.  The  HBM 
station  on  Honolii  Stream  on  Hawaii  has  been  inactivat¬ 
ed  and  the  former  NASQAN  station  on  Kahakuloa 
Stream  on  Maui  has  replaced  it.  Thirteen  of  the  active 
stations  remaining  are  operated  as  part  of  the  H-3  free¬ 
way  project  on  Oahu.  This  project  will  likely  end  short¬ 
ly  after  the  completion  of  the  freeway. 

A  third,  Nationwide  water-quality  program  was  re¬ 
cently  initiated  by  the  USGS  (Leahy  and  others,  1990). 
However,  currently  (1994)  no  data  collection  as  part  of 
this  program,  titled  the  National  Water  Quality  Assess¬ 
ment  (NAWQA)  has  taken  place  in  Hawaii.  A  possible 
starting  date  of  1996  is  scheduled. 

Funding  for  the  NASQAN  and  HBM  stations  is 
provided  as  part  of  the  federal  program.  Funding  for  the 
H-3  project  stations  is  provided  by  the  Hawaii  Depart¬ 
ment  of  Transportation. 

Availability  and  Analyses  of  Data 

Most  surface-water  quality  data  being  collected  in 


Hawaii  by  the  USGS  are  published  in  the  series  of  an¬ 
nual  data  reports  (Matsuoka  and  others,  1993).  Begin¬ 
ning  with  the  1990  water  year,  all  annual  data  reports 
for  a  given  year,  are  reproduced  on  a  CD-ROM  disc  that 
is  available  to  data  users.  Selected  water-quality  data 
are  also  published  in  reports  that  are  prepared  to  docu¬ 
ment  results  of  special  projects  (Izuka  and  others,  1993; 
Wong  and  Hill,  1992). 

Water-quality  data  collected  by  the  USGS  are  also 
stored  in  the  WATSTORE  computer  system  (Hutchin¬ 
son,  1975).  As  with  surface-water  quantity  data  a  vari¬ 
ety  of  useful  products,  ranging  from  data  tables  to 
complex  statistical  analyses,  can  be  produced  using 
WATSTORE.  Water-quality  data  are  also  transferred 
into  the  U.S.  Environmental  Protection  Agency 
STORET  system. 

A  limited  number  of  reports  have  been  prepared 
that  provide  statistical  summaries  or  analyses  of  sur¬ 
face-water  quality  data.  Matsuoka  (1981)  provided  sta¬ 
tistical  summaries  of  data  collected  through  the  1979 
water  year.  Included  were  listings  of  data  collected  and 
the  mean,  standard  deviation,  minimum,  and  maximum 
values  for  the  various  properties  and  characteristics  for 
which  analyses  had  been  done.  Wong  and  Hill  (1992) 
provided  a  summary  of  water-quality  data  collected  as 
part  of  the  H-3  freeway  project  for  water  years  1983-89. 
They  provided  maximum,  minimum,  and  average  val¬ 
ues  for  each  property  for  which  analyses  had  been  con¬ 
ducted.  In  addition  they  provided  selected 
concentration-nonexceedence  data  points.  Yee  and 
Lum  (1993)  summarized  concentrations  and  trends  of 
selected  water  property  for  the  NASQAN  and  HBM  sta¬ 
tions  in  Hawaii.  Nationwide  analyses  of  data  collected 
as  part  of  the  NASQAN  and  HBM  programs  have  been 
published  by  Smith  and  others  (1987  and  1993). 

Limitations  of  the  Program 

The  surface-water  quality  data-collection  pro¬ 
grams  operated  by  the  USGS  in  Hawaii,  to  date,  provide 
a  basic  level  of  background  data.  The  data  collected  do 
not  represent  results  from  a  well  designed  network  es¬ 
tablished  to  address  significant  Statewide  issues  in  Ha¬ 
waii.  Data  have  been  collected  primarily  to  address 
three  specific  issues:  (1)  Nationwide  programs 
(NASQAN  and  HBM  stations),  (2)  special  studies  (H-3 
freeway),  and  (3)  basic  analyses  at  sites  where  surface- 
water  quantity  stations  have  been  operated. 


54  Evaluation  of  the  Surface-Water  Quantity,  Surface-Water  Quality,  and  Rainfall  Data-Collection  Programs  In  Hawaii 


■<fr 

CD 

05 


CO 

CO 

X 

'co 

3 

CO 

»4— 

O 

T3 

C 

_co 

CO 

co” 

c 

o 

co 

•4—* 

CO 

CD 

c 

'CD 

CO 

05 

>, 

"cO 

3 

CT 

k_ 

05 

« 

§ 

I 

05 

O 

co 

3 

c n 


a> 

k. 

3 

CD 


Surface-Water  Quality  Data-Collection  Program  55 


3 


56  Evaluation  of  Surface-Water  Quantity,  Surface-Water  Quality,  and  Rainfall  Data-Collection  Programs  in  Hawaii 


Figure  12.  Surface-water  quality  gaging  stations,  island  of  Oahu,  Hawaii,  1994. 
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Figure  13.  Surface-water  quality  gaging  stations,  island  of  Molokai,  Hawaii,  1994. 
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Figure  14.  Surface-water  quality  gaging  stations,  island  of  Maui,  Hawaii,  1994. 
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Figure  15.  Surface-water  quality  gaging  stations,  island  of  Hawaii,  Hawaii,  1994. 
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Some  of  the  most  significant  limitations  in  Hawaii 
surface-water  quality  data  programs  involve  the  follow¬ 
ing  topics.  First,  only  limited  numbers  of  continuous, 
suspended-sediment  discharge  stations  have  been  oper¬ 
ated  in  Hawaii  and  most  of  these  have  been  on  the  island 
of  Oahu  (tables  21-25).  No  continuous- record,  sus¬ 
pended-sediment  stations  have  been  operated  on  the  is¬ 
lands  of  Kauai,  Molokai,  and  Maui  and  only  one  station 
has  been  operated  on  the  island  of  Hawaii.  Second,  no 
systematic  program  of  collecting  water-quality  data  re¬ 
lated  to  specific  land-use  practices  has  been  undertaken. 
Third,  no  systematic,  Statewide  program  of  monitoring 
the  quality  of  surface-water  discharges  to  the  ocean  has 
been  operated.  Fourth,  no  systematic,  Statewide  pro¬ 
gram  to  establish  background  water  quality  of  streams 
in  Hawaii  exists.  Fifth,  more  data  are  required  to  evalu¬ 
ate  the  effects  of  nonpoint  sources  on  receiving  water 
bodies.  Sixth,  only  a  limited  amount  of  coordination  ex¬ 
ists  between  the  broad  variety  of  organizations  that  col¬ 
lect  surface-water  quality  data  in  Hawaii.  As  noted  in  a 
recent  national  water-quality  monitoring  report  (Inter¬ 
governmental  Task  Force  on  Monitoring  Water  Quali¬ 
ty,  1992)  greater  coordination,  consistency,  and 
collaboration  among  the  various  agencies  involved  with 
water-quality  data-collection  issues  is  critical. 

In  the  Hawaii  water-quality  plan  (Hawaii  Commis¬ 
sion  on  Water  Resource  Management,  1990a,  p.  II-7) 
three  specific  surface-water  quality  issues  were  raised. 
The  issues  include  (1)  reduction  of  nonpoint  source  dis¬ 
charges,  (2)  control  of  feral  animal  populations  to  min¬ 
imize  contamination  in  surface  water  and  to  improve 
vegetal  cover  in  watershed  areas,  and  (3)  enforce  sani¬ 
tary  conditions  and  good  drainage  in  streams  and  ca¬ 
nals.  No  Statewide  data  collection  programs  are  in  place 
to  address  these  issues. 

RAINFALL  DATA-COLLECTION  PROGRAM 

Goals  of  the  Program 

The  goals  for  the  rainfall  data-collection  program 
in  many  ways  parallel  the  data-use  categories  described 
for  the  current  surface-water  quantity  data-collection 
program.  In  general,  the  overall  objective  is  to  be  able 
to  provide  information  on  rainfall  characteristics  for  any 
area  in  Hawaii.  If  this  general  objective  can  be  met  then 
most  of  the  specific  goals,  which  are  described  below, 
can  be  addressed.  In  keeping  with  the  format  used  to  de¬ 


scribe  data-use  classes  for  the  surface-water  quantity 
program,  goals  for  the  rainfall  program  will  be  dis¬ 
cussed  as  either  regional,  systems  related,  current 
needs,  forecasting,  water  quality,  or  trend  analysis 
goals.  A  common,  unifying  theme  for  this  discussion  is 
the  need  to  make  both  site-specific  and  extrapolated  in¬ 
formation  available  through  established  data  bases  and 
published  reports. 

Regional  goals  are  necessary  because  it  is  not  fea¬ 
sible  to  collect  data  at  all  points  of  interest.  Data,  there¬ 
fore,  need  to  be  collected  at  a  sufficient  frequency  and 
number  of  locations  so  that  it  can  be  extrapolated  with 
respect  to  both  time  and  location.  The  adequacy  of  the 
rainfall  data-collection  program  with  respect  to  regional 
goals  can  be  evaluated  by  assessing  how  accurately 
rainfall  characteristics  can  be  estimated  for  ungaged  ar¬ 
eas.  The  goal  is  to  provide  the  following  statistical  char¬ 
acteristics  on  a  regional  basis:  (1)  daily,  monthly,  and 
annual  totals,  (2)  long-term  mean  and  median  monthly 
and  annual  values,  (3)  storm  totals  for  short  durations 
and  entire  storms,  (4)  frequency  analyses  for  storm  data 
which  include  durations  ranging  from  30  minutes  or 
less  to  24  hours  and  recurrence  intervals  from  1  through 
100  years,  (5)  totals  over  extended  periods  of  deficient 
rainfall  or  droughts,  and  (6)  frequency  analyses  for  pe¬ 
riods  of  deficient  rainfall  which  include  durations  rang¬ 
ing  from  3  to  12  months  and  recurrence  intervals  from 
5  through  100  years.  These  statistical  characteristics  are 
needed  for  locations  that  range  in  scale  from  specific 
rain-gage  sites  to  entire  islands. 

Systems-related  goals  are  based  on  the  need  to  ac¬ 
count  for  water  movement  or  availability  in  specific 
networks  or  regions  and  to  describe  current  hydrologic 
conditions.  In  Hawaii,  systems  goals  relate  to  three  pri¬ 
mary  objectives  (1)  to  provide  rainfall  data  used  as  part 
of  mass-balance  calculations  to  determine  recharge  and 
therefore  water  availability  in  aquifer  systems  State¬ 
wide,  (2)  to  provide  background  rainfall  data  that  are 
used  to  determine  when  and  how  much  to  irrigate  crops, 
and  (3)  to  describe  current  hydrologic  conditions  and  to 
determine  the  existence,  areal  extent,  and  severity  of  de¬ 
ficient  or  drought  conditions.  To  meet  the  first  objective 
the  goal  is  to  provide  long-term  estimates  of  mean 
monthly  and  mean  annual  rainfall  values  for  entire  aqui¬ 
fer  areas.  To  meet  the  second  objective  the  goal  is  to 
provide  rainfall  totals  in  a  rapid-reporting,  real-time  ba¬ 
sis,  that  are  representative  of  what  fell  over  a  specific  ar¬ 
ea.  To  meet  the  third  objective  the  goal  is  to  provide 
daily  rainfall  totals,  in  a  near  real-time  basis,  from  a  net- 
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work  of  rain  gages  that  are  representative  of  the  general 
climatic  variability  which  exists  in  the  State. 

Current-needs  goals  are  based  on  the  need  to  pro¬ 
vide  specific  rainfall  information  at  certain,  predeter¬ 
mined  locations.  Current  needs  are  therefore  both  site 
and  data  specific  and  goals  for  these  types  of  rainfall 
data-col lection  sites  cannot  be  generalized  in  advance. 
Current  needs  goals  need  to  be  developed  on  a  case  by 
case  basis.  Examples  of  current  needs  are  (1)  research 
projects  such  as  hillslope-stability  studies  that  need  near 
real-time,  recording  rain  gages  that  provide  storm  data 
at  intervals  on  the  order  of  minutes,  (2)  rainfall-runoff 
modeling  studies  that  need  to  define  the  distribution  of 
rainfall  over  specific  watersheds,  and  (3)  planning  and 
design  of  rain  catchment  systems  to  provide  alternative 
sources  of  water  supply.  Rainfall  data  collection  efforts 
to  meet  current  needs  are  typically  short  term  in  nature 
and  frequently  data  collection  is  terminated  when  the 
project  is  completed. 

Forecasting  goals  are  based  on  the  need  to  provide 
advance  warning  for  possible  catastrophic  or  life-threat¬ 
ening  events.  An  obvious  example  of  forecasting  is  the 
work  of  the  National  Weather  Service  (NWS)  related  to 
possible  flood  conditions.  To  meet  forecasting  objec¬ 
tives,  the  goals  of  the  rainfall  data-collection  program 
are  to  provide  real-time  rainfall  information  from  a  net- 
work  of  stations  that  provides  adequate  areal  coverage 
of  watersheds  where  flood  potential  exists.  A  goal 
would  be  to  establish  real-time  recording  rain  gages  in 
high-rainfall,  upland  areas.  Rainfall  data  from  these 
sites  would  provide  the  greatest  amount  of  time  to  re¬ 
spond  before  water  levels  in  streams  rose  to  dangerous 
levels.  Although  not  currently  operational  in  Hawaii, 
forecasts  related  to  potential  for  debris  flows  based  on 
rainfall  are  also  a  possibility.  Again,  strategically  locat¬ 
ed,  real-time  data-collection  rain  gages  are  required  for 
this  forecasting.  The  NWS  plans  to  install  the 
NEXRAD  radar  system  in  Hawaii  by  1995.  A  forecast¬ 
ing  goal  for  the  rainfall  data-collection  program  at  that 
time  would  be  to  provide  a  baseline  of  ground-truth  data 
which  can  be  used  to  calibrate  and  verify  the  perfor¬ 
mance  of  the  NEXRAD  system. 

Water-quality  goals  associated  with  rainfall  data 
programs  focus  primarily  on  evaluating  wet  atmospher¬ 
ic  deposition  and  the  chemical  quality  of  rain.  Sources 
of  depositional  materials  associated  with  rain  include 
global-scale  emissions,  localized  volcanic  emissions, 
and  the  surrounding  oceans.  Specific  goals  include  use 


of  rain  water-quality  data  to  (1)  determine  the  acidity  of 
rain  associated  with  volcanic  activity  on  the  island  of 
Hawaii,  (2)  determine  the  significance  of  rain  water  as 
a  source  of  chlorides,  and  (3)  determine  the  concentra¬ 
tions  of  stable  isotopes  in  rain  as  a  first  step  in  evaluat¬ 
ing  flow  paths  of  water  in  hydrologic  systems. 

Trend-related  goals  are  based  on  the  need  to  eval¬ 
uate  the  statistical  structure  of  rainfall  time-series  data. 
Statistical  characteristics,  such  as  mean  annual  rainfall, 
are  generally  based  on  short-term  data  sets  or  on  select¬ 
ed  base  periods  that  are  assumed  to  be  representative  of 
average  or  long-term  conditions.  The  objective  is  there¬ 
fore  to  maintain  rainfall  data-collection  operations  at  se¬ 
lected  sites  where  long-term  data  are  available.  The 
selected  sites  need  to  be  clearly  identified  as  being  op¬ 
erated  specifically  to  determine  long-term  trends  and 
they  need  to  provide  adequate  areal  coverage  on  each  of 
the  islands.  Rainfall  data  from  long-term  sites  can  be 
used  to  (1)  test  the  representative  nature  of  short-term 
data  sets,  (2)  adjust  short-term  records  to  more  accurate¬ 
ly  represent  long-term  conditions,  (3)  determine  the  ex¬ 
istence  of  longer-term  trends  such  as  those  associated 
with  possible  global  climate  change,  and  (4)  determine 
the  existence  of  short-term  or  cyclic  trends  such  as  those 
associated  with  El  Ninos  or  volcanic  activity. 

Description  of  the  Program 

The  density  of  rain  gages  in  the  Hawaii  program  is 
one  of  the  highest  in  the  world.  By  1976,  rainfall  data 
had  been  collected  at  a  total  of  1,985  sites  in  the  State 
(Schroeder,  1981).  This  number  has  likely  increased 
since  then.  This  dense  network  of  rain  gages  developed 
primarily  for  two  reasons.  First,  rainfall  data  are  needed 
by  a  diversity  of  organizations  to  make  important  water- 
related  decisions  on  an  ongoing  basis.  Second,  rainfall 
in  Hawaii  exhibits  extreme  spatial  variability. 

Plantation  agriculture  (primarily  sugarcane  and 
pineapple)  and  large  ranches  have  been  a  significant 
part  of  the  Hawaiian  economy  for  more  than  100  years. 
The  plantations  and  ranches  depend  on  detailed  infor¬ 
mation  regarding  water  availability  to  manage  their  op¬ 
erations.  Rainfall  data  is  a  significant  factor  in 
evaluating  water  availability.  As  a  result,  dense  net¬ 
works  of  gages  were  established  in  areas  where  planta¬ 
tions  and  ranches  operate.  Almost  all  of  the  earliest 
rainfall  data-collection  sites  in  Hawaii  were  operated  by 
either  the  plantations  or  the  ranches.  To  date,  planta- 
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tions  and  ranches  have  probably  operated  as  many  rain 
gages  as  all  the  other  groups  in  the  State  combined. 

Population  growth  and  related  urban  and  residen¬ 
tial  development  have  significantly  increased  domestic 
water  demands  in  the  State.  Water  distributors,  such  as 
the  Honolulu  Board  of  Water  Supply,  established  rain- 
gage  networks  to  address  their  needs  regarding  water- 
supply  issues.  The  National  Weather  Service  (NWS) 
mission  of  forecasting  and  providing  climatologic  data 
called  for  further  expansions  of  the  rain-gage  program. 
Scientific  and  regulatory  interest  regarding  water-relat¬ 
ed  issues  continued  to  grow  and  agencies  such  as  the 
USGS  and  the  Hawaii  Department  of  Land  and  Natural 
Resources  (DLNR)  and  scientists  at  the  University  of 
Hawaii  required  and  collected  more  rainfall  data.  Agen¬ 
cies  such  as  the  NWS  and  DLNR  have  made  extensive 
use  of  private  citizens  to  collect  these  data. 

As  noted  earlier,  dense  networks  of  rain  gages 
were  established  partly  because  of  the  extreme  spatial 
variability  of  rainfall  in  Hawaii.  Gradients  of  average 
rainfall  in  Hawaii  are  some  of  the  steepest  in  the  world. 
Giambelluca  and  others  (1986,  p.  2)  noted  that  average 
rainfall  on  Kauai  increases  from  about  20  in.  near  Keka- 
ha  to  more  than  433  in.  on  the  summit  of  Mount  Waiale- 
ale.  This  results  in  an  average  gradient  of  about  26.6  in. 
of  rain  per  mile.  Although  not  as  extreme,  large  spatial 
variability  of  rainfall  also  exists  on  the  islands  of  Oahu, 
Molokai,  Maui,  and  Hawaii.  None  of  the  other  states  in 
the  U.S.  have  this  degree  of  spatial  variability  in  precip¬ 
itation. 

Rain  gages  in  Hawaii  have  been  operated  by  a 
broad  variety  of  groups  and  individuals  and  for  a  variety 
of  purposes.  Undoubtedly  this  diversity  has  played  a 
large  role  in  developing  the  dense  network  of  rain  gages 
that  exists.  A  negative  aspect  of  this  diversity  has  been 
lack  of  uniform  data-collection  standards  and  datastor¬ 
age  and  publication  policies.  These  factors  have  fre¬ 
quently  made  simple  analyses  of  available  data 
difficult. 

One  of  the  first  summaries  of  rain  gages  in  Hawaii 
was  published  by  Leopold  and  others  (1948)  under  the 
joint  auspices  of  the  Hawaiian  Sugar  Planters  Associa¬ 
tion  and  the  Pineapple  Research  Institute.  They  noted 
that  a  large  organizational  job  was  necessary  before  the 
available  data  on  daily  rainfall  values  could  be  ana¬ 
lyzed.  Leopold  and  others  (1948)  attempted  to  resolve 
differences  and  summarize  station  names,  locations,  al¬ 
titudes,  and  lengths  of  record  for  all  gages  in  operation 


as  of  1948.  Significant  contributions  made  by  this  doc¬ 
umentation  included:  (1)  establishing  a  Statewide  num¬ 
bering  system  for  rain  gages  that  was  later  adopted  as 
the  official  state  identification  system  (presently  re¬ 
ferred  to  as  State  key  numbers),  (2)  establishing  the 
Weather  Bureau  standard  as  the  method  used  to  operate 
and  date  records  from  non-recording,  daily  gages,  and 
(3)  listing  operational  rain  gages  in  the  State. 

In  1961,  the  U.S.  Weather  Bureau  published  a  re¬ 
port  (Taliaferro,  1961)  updating  and  expanding  the  ear¬ 
lier  summary  by  Leopold  and  others  (1948).  The  report 
included  sites  where  other  climatologic  data,  in  addition 
to  rainfall,  were  collected.  Also,  the  report  included  a 
summary  of  all  the  sites  where  data  had  been  collected, 
not  just  those  that  were  active.  One  of  the  first  rainfall 
data-collection  efforts  in  Hawaii  noted  by  Taliaferro 
(1961,  p.  70)  was  that  of  a  Dr.  Rooke  in  1837,  in  Hono¬ 
lulu,  at  State  key  station  number  705.9. 

The  most  recent  listing  of  sites  where  rainfall  data 
have  been  collected  was  published  by  the  Hawaii  Divi¬ 
sion  of  Water  and  Land  Development  (1973).  In  this  up¬ 
date  a  total  of  3,402  sites  where  climatologic  data  have 
been  collected  are  listed.  Rainfall  data  are  not  available 
for  all  the  sites. 

Currently,  most  rain  gages  operated  in  Hawaii  are 
included  in  one  of  two  principal  networks.  These  net¬ 
works  are  coordinated  by  the  NWS  and  DLNR.  Both 
the  NWS  and  DLNR  maintain  fdes  that  include  listings 
of  active  gages.  A  list  of  the  active  rain  gages  (as  of 
March  1993)  on  the  islands  of  Kauai,  Oahu,  Molokai, 
Maui,  and  Hawaii,  included  in  the  NWS  and  DLNR  net¬ 
works,  is  given  in  tables  26  through  30  (at  end  of  re¬ 
port).  The  locations  of  these  gages  are  shown  in  plate  6. 
As  of  March  1993  there  were  92, 150, 15, 123,  and  148 
active  rain  gages  on  Kauai,  Oahu,  Molokai,  Maui,  and 
Hawaii,  respectively. 

Availability  and  Analyses  of  Data 

In  the  preceding  section  on  goals  of  the  program, 
the  importance  of  making  data  available  through  estab¬ 
lished  data  bases  and  published  reports  was  stressed.  As 
noted  by  Leopold  and  others  (1948,  p.  210)  only  some 
of  the  rainfall  data  is  published  and  most  exists  only  in 
paper  files.  In  the  most  recently  published  summary  of 
historical,  rainfall  data-collection  sites  (Hawaii  Divi¬ 
sion  of  Water  and  Land  Development,  1973),  sources 
for  the  data  collected  were  identified.  Sources  included 
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the  U.S.  Weather  Bureau  (currently  referred  to  as  the 
National  Weather  Service),  Hawaii  Division  of  Water 
and  Land  Development,  Hawaii  Sugar  Planters  Associ¬ 
ation,  observers,  and  other.  The  category  “other”  could 
include  miscellaneous  sources  such  as  the  Pineapple 
Research  Institute,  Hawaii  Water  Authority,  Honolulu 
Board  of  Water  Supply,  the  U.S.  military,  or  the  USGS. 
Taliaferro  (1961)  also  identified,  where  appropriate, 
publications  where  the  data  could  be  found.  A  variety  of 
publications  include  rainfall  data,  however,  the  largest 
single  source  of  data  are  the  reports  of  the  NWS.  The 
NWS  data  are  currently  published  by  their  parent  agen¬ 
cy  the  National  Oceanic  and  Atmospheric  Administra¬ 
tion  (NOAA).  NOAA  publishes  the  data  in  three 
principal  formats.  First,  available  hourly  rainfall  data 
have  been  published  on  a  monthly  basis  since  1965  (for 
example  see  NOAA,  1991a).  Also  included  in  these  re¬ 
ports  are  monthly  maxima  and  time  of  occurrence  for 
time  intervals  ranging  from  15  minutes  to  24  hours. 
Second,  available  daily  rainfall  data  have  been  pub¬ 
lished  on  a  monthly  basis  since  1905  (for  example  see 
NOAA,  1991b).  Also  included  in  these  reports  are 
monthly  totals  and  departures  from  normal.  Third, 
monthly  and  annual  totals  and  departures  from  normal 
are  summarized  in  annual  reports  that  have  been  pub¬ 
lished  since  1905  (for  example  see  NOAA,  1991c).  The 
rainfall  data  are  available  in  data  bases  at  the  NOAA 
National  Climatic  Data  Center  in  Asheville,  North 
Carolina.  Rainfall  data  included  as  part  of  the  DLNR 
program  are  available  in  their  files  and  are  not  routinely 
published. 

Some  of  the  rainfall  data  collected  by  the  Honolulu 


Board  of  Water  Supply  are  published  in  their  series  of 
annual  reports  (for  example  see  Honolulu  Board  of  Wa¬ 
ter  Supply,  1986).  These  reports  were  published  bienni¬ 
ally  from  1925  through  1959  and  annually  from  1959  to 
present.  The  USGS  has  published  rainfall  data  in  a  vari¬ 
ety  of  reports.  Starting  with  the  data  report  for  1993  wa¬ 
ter  year,  these  data  will  be  published  on  an  annual  basis 
and  daily  values  stored  in  an  electronic  data  base.  Data 
for  45  sites  were  included  in  the  1993  USGS  annual 
data  report  (Matsuoka  and  others,  1994). 

Numerous  analyses  of  mean  and  median  monthly 
and  annual  rainfall  data  have  been  done  for  Hawaii.  The 
most  important  studies  are  summarized  in  table  31.  The 
most  recent  and  perhaps  one  of  the  most  comprehensive 
summaries  of  mean  and  median  rainfall  data  in  Hawaii 
is  Giambelluca  and  others  (1986).  in  which  more  than 
1,200  gages,  updated  through  1983,  were  adjusted  to  a 
common  base  period,  by  island.  The  base  period  for 
Kauai,  Oahu,  Maui,  and  Hawaii  was  1916  through 
1983.  The  base  period  for  Molokai  was  1931  through 
1983.  These  data  were  then  used  to  generate  maps  de¬ 
scribing  the  distribution  of  median  and  mean  monthly 
and  annual  rainfall  in  Hawaii. 

The  U.S.  Weather  Bureau  (1962)  compiled  the 
first  detailed  analysis  of  high  rainfall-frequency  rela¬ 
tions  for  the  Hawaiian  islands.  The  analysis  included  ar¬ 
eas  up  to  200  mi2,  durations  from  30  minutes  to  24 
hours,  and  return  periods  from  1  to  100  years.  Included 
were  analyses  for  each  of  the  major  islands  discussed  in 
this  report  (Kauai,  Oahu,  Molokai,  Maui,  and  Hawaii) 
using  data  available  through  1959.  Results  of  the 


Table  31.  List  of  previous  rainfall  maps  of  Hawaii  [modified  from  Giambelluca  and  others,  1986,  table  1,  p.3] 


Year 

published 

Author 

Description 

1929 

J.F.  Voorhees 

Mean  annual  rainfall  of  Oahu 

1933 

W.T.  Nakamura 

Mean  annual  rainfall  of  Oahu 

1939 

W.R.  Feldwisch 

Mean  annual  rainfall  of  major  islands1 

1942 

H.T.  Steams,  G.A.  Macdonald 

Mean  annual  rainfall  of  Maui 

1948 

M.H.  Halstead,  L.B.  Leopold 

Median  monthly  rainfall  of  Oahu 

1949 

L.B.  Leopold 

Mean  annual  rainfall  of  East  Maui 

1951 

C.K.  Stidd,  L.B.  Leopold 

Mean  annual  rainfall  of  major  islands1 

1955 

W.A.  Mordy,  Saul  Price 

Monthly  and  annual  mean  rainfall  of  major  islands1 

1959 

W.J.  Taliaferro 

Monthly  and  annual  median  rainfall  of  major  islands1 

1967 

D.I.  Blumenstock,  Saul  Price 

Mean  annual  rainfall  of  major  islands1 

1973 

Division  of  Water  and  Land  Development 

Median  annual  rainfall  of  major  islands1 

1982 

Division  of  Water  and  Land  Development 

Median  annual  rainfall  of  major  islands1 

1986 

T.W.  Giambelluca,  M.A.  Nullet,  T.A.  Schroeder 

Median  and  mean  monthly  and  annual  rainfall  of  major  islands1 

*  Includes  islands  of  Kauai,  Oahu,  Molokai,  Lanai,  Maui,  and  Hawaii 
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Weather  Bureau  study  were  updated  for  the  island  of 
Oahu  using  data  available  through  1982  by  Giambellu- 
ca  and  others  (1984).  The  updated  study  included  fre¬ 
quency  maps  showing  the  distribution  of  high  rainfall 
for  durations  of  1, 6,  and  24-hours  and  return  periods  of 
2,  10,  50,  and  100  years. 

Although  several  studies  of  specific  drought  peri¬ 
ods  in  Hawaii  have  been  published,  few  studies  if  any 
have  considered  long-term,  low-rainfall  frequency  dis¬ 
tributions.  In  1991,  Giambelluca  and  others,  using  a  net¬ 
work  of  long-term  rainfall  stations  and  data  through 
1986,  published  a  detailed  analysis  of  low-rainfall 
(drought)  distributions.  Included  as  results  of  the  study 
were  maps  of  Kauai,  Oahu,  Molokai,  Lanai,  Maui,  and 
Hawaii  showing  the  distributions  of  3-,  6-,  9-,  and  12- 
month  low-rainfalls  with  return  periods  of  2  through 
200  years.  No  additional  updates  of  Statewide,  rainfall 
characteristics  have  been  published  for  Hawaii. 

Evaluation  of  the  Program  and  Alternatives 

In  the  previous  sections,  goals  for  the  rainfall  data- 
collection  program  were  discussed,  the  current  and  his¬ 
torical  data  programs  were  described,  and  availability 
and  analyses  of  data  summarized.  In  this  section  each  of 
the  goals  for  the  rainfall  data-collection  program  will  be 
discussed  individually  in  terms  of  how  adequately  they 
are  being  addressed  by  available  data  and  analysis.  Al¬ 
ternative  data  collection  and  analysis  strategies  will  be 
proposed  where  appropriate. 


Regional  goals  associated  with  the  rainfall  data- 
collection  program  are  being  partially  met.  Hawaii  his¬ 
torically  and  currently  has  as  dense  a  network  of  rain 
gages  as  exists  in  the  world.  However,  even  this  dense 
network  cannot  adequately  sample  rainfall  at  all  loca¬ 
tions.  In  figure  16  areas  where  few,  if  any,  gages  are  be¬ 
ing  operated,  as  of  March  1993,  are  identified.  In 
general,  gages  are  lacking  in  areas  of  high  rainfall  and 
in  several  areas  where  neither  residential  development 
or  agriculture  is  prevalent.  The  lack  of  active  gages  in 
areas  of  high  rainfall  is  further  demonstrated  by  the  data 
summarized  in  table  32.  On  Oahu,  for  example,  103  of 
the  150  active  gages  are  located  in  areas  receiving  less 
than  an  average  of  80  in.  of  rain  annually.  In  table  33  the 
distribution  of  active  rain  gages  by  altitude  is  summa¬ 
rized.  Altitude  is  a  significant  factor  affecting  the  distri¬ 
bution  of  rainfall  in  Hawaii.  As  shown  in  table  33,  most 
active  gages  are  located  at  lower  altitudes.  On  Oahu, 
145  of  the  150  active  gages  are  at  altitudes  below  2,000 
ft.  Another  way  to  look  at  the  distribution  of  rain  gages 
is  to  determine  the  percentage  of  gages  located  in  select¬ 
ed  areas.  Geographic  information  systems  (GIS)  tech¬ 
nology  makes  such  analyses  relatively  straightforward. 
Such  an  analysis  was  done  for  the  island  of  Hawaii 
where  it  was  noted  that  39  percent  of  the  island  receives 
less  than  an  average  of  40  in.  of  rain  annually  yet  only 
14  percent  of  the  active  gages  are  located  in  those  areas. 
Thirty-two  percent  of  the  island  receives  an  average  of 
between  60  to  160  in.  of  rain  annually  yet  59  percent  of 
active  gages  are  located  in  these  areas.  To  improve  the 
current  rainfall  data-collection  program,  consideration 


Table  32.  Distribution  of  active  rain  gages  by  mean  annual  rainfall,  Hawaii,  March  1993. 


Island 

Maximum  mean  annual 
rainfall  Isohyet 
(inches) 

Number  of  gages  by  range  in  mean  annual  rainfall 
(Inches) 

0-40 

40-80 

80-120  120-160 

160-200 

>200 

Kauai 

435 

20 

42 

16 

7 

5 

2 

Oahu 

275 

50 

53 

24 

13 

5 

5 

Molokai 

160 

10 

2 

3 

0 

0 

0 

Maui 

355 

57 

43 

8 

3 

4 

8 

Hawaii 

235 

21 

60 

33 

23 

7 

4 

Table  33.  Distribution  of  active  rain  gages  by  altitude,  Hawaii,  March  1 993. 

[~,  not  applicable] 

Number  of  gages  by  range  in  altitude 

Maximum  altitude 

(feet) 

Island 

(feet) 

0-2,000 

2,000-4,000 

4,000-6,000 

>6,000 

Total 

Kauai 

5,243 

80 

8 

4 

— 

92 

Oahu 

4,020 

145 

4 

1 

— 

150 

Molokai 

4,970 

14 

1 

0 

— 

15 

Maui 

10,023 

93 

19 

6 

5 

123 

Hawaii 

13,796 

99 

33 

10 

6 

148 
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Figure  16.  Areas  where  limited  numbers  of  rain-gaging  stations  are  operated,  Hawaii,  March  1993. 
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needs  to  be  given  to  locating  new  gages  in  areas  where 
current  coverage  is  limited. 

Length  of  available  record  is  a  significant  factor  af¬ 
fecting  the  accuracy  of  statistical  characteristics  com¬ 
puted  using  rain  gage  data.  In  table  34  the  distribution 
of  active  rain  gages  by  length  of  record  is  summarized. 
Note  that  201  of  the  active  rain  gages  have  at  least  60 
years  of  record  and  23  of  these  have  more  than  100 
years  of  record.  A  significant  strength  of  Hawaii's  rain¬ 
fall  program  is  that  such  a  long-term  data  base  exists. 
Emphasis  on  the  collection  of  long-term  data  needs  to 
be  continued. 

Several  analyses  have  been  published  that  can  be 
used  to  extend  rainfall  statistical  characteristics  to  un¬ 
gaged  areas.  Reports  describing  mean  and  median 
monthly  and  annual  values  have  been  updated  regular¬ 
ly.  One  rainfall  characteristic  that  is  in  significant  need 
of  analysis  is  that  of  storm -frequency  data.  The  most  re¬ 
cent  analysis  of  storm-frequency  data  for  Hawaii  (with 
the  exception  of  Oahu,  see  Giambelluca  and  others, 
1984)  was  published  in  1962  (U.S.  Weather  Bureau, 
1962).  Consideration  needs  to  be  given  to  updating  the 
storm  frequency  report  for  the  remaining  islands. 

In  previous  studies  of  storm-frequency  data  a  sig¬ 
nificant  problem  was  the  lack  of  recording  rain  gages. 
Significant  strides  have  been  made  to  improve  this  situ¬ 
ation.  In  table  35  the  number  of  active  recording  and 
real-time  rain  gages  in  Hawaii  is  summarized.  A  total  of 
130  gages,  25  percent  of  the  total  number  of  active  gag¬ 
es,  are  recording.  The  distribution  of  the  recording  gag¬ 


es  (plate  6)  however,  is  similar  to  that  of  rain  gages  in 
general  (fig.  16).  Overall  areas  of  high  rainfall  are  inad¬ 
equately  gaged  as  are  several  additional  geographic  re¬ 
gions,  as  indicated  in  figure  16.  A  significant  number  of 
the  rain  gages  with  recording  capabilities  are  also  real¬ 
time  data  sites  that  are  being  operated  primarily  to  pro¬ 
vide  flood  warnings.  Most  of  the  data  collected  at  these 
real-time  gages  is  not  currently  being  stored  and/or  pub¬ 
lished.  Consideration  needs  to  be  given  to  correcting 
this  limitation. 

Systems-related  goals  associated  with  the  rainfall 
data-collection  program  generally  are  being  adequately 
met.  Historically  the  needs  for  rainfall  data  related  to 
agricultural  interest  have  been  met  by  the  plantations 
and  ranches,  which  have  operated  a  significant  number 
of  the  rain  gages  Statewide.  As  of  1993  the  plantations 
and  ranches  operate  70  percent  of  the  active  rain  gages 
on  Kauai,  26  percent  on  Oahu,  27  percent  on  Molokai, 
60  percent  on  Maui,  and  46  percent  on  Hawaii.  Two  ad¬ 
ditional  systems-related  goals  involve  the  need  to  de¬ 
scribe  water  availability  in  ground- water  systems  and 
current  hydrologic  conditions.  For  both  goals  rainfall 
data  play  a  critical  role.  The  lack  of  rain  gages  in  the  ar¬ 
eas  identified  in  figure  16  limits  the  accuracy  of  analy¬ 
ses  of  water  availability  and  current  hydrologic 
conditions  that  can  be  undertaken.  Where  possible,  con¬ 
sideration  needs  to  be  given  to  locating  new  rain  gages 
in  these  areas. 

Current-needs  goals  are  typically  site  and  project 
specific.  In  general  it  is  neither  possible  nor  even  desir- 


Table  34.  Distribution  of  active  rain  gages  by  length  of  record,  Hawaii,  March  1993. 


Island 

Total 

Number  of  gages  by  length  of  record 
(years) 

0-20 

21-40 

41-60 

61-80 

81-100 

>100 

Kauai 

92 

10 

14 

23 

16 

24 

5 

Oahu 

150 

20 

51 

26 

39 

10 

4 

Molokai 

15 

3 

5 

4 

2 

1 

0 

Maui 

123 

13 

21 

36 

21 

30 

2 

Hawaii 

148 

24 

49 

28 

13 

22 

12 

Total 

528 

70 

140 

117 

91 

87 

23 

Table  35.  Distribution  of  active  recording  and  real-time  rain-gages,  Hawaii,  March  1993 


Island 

Total 

Real  time 

Recording 

Kauai 

92 

10 

25 

Oahu 

150 

25 

46 

Molokai 

15 

2 

5 

Maui 

123 

10 

23 

Hawaii 

148 

16 

31 

Total 

528 

63 

130 
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able  to  plan  for  these  needs  in  advance  as  part  of  the  op¬ 
eration  of  the  rainfall  data-collection  program. 
Therefore  current-needs  goals  should  continue  to  be  ad¬ 
dressed  on  a  case  by  case  basis  by  the  specific  groups 
involved  with  the  projects  or  current  needs  in  question. 

Forecasting  goals  associated  with  the  rainfall 
data-collection  program  are  being  partially  met.  In  re¬ 
sponse  to  recent  floods,  notably  the  December  1991 
flood  on  Kauai,  the  NWS  and  DLNR  have  both  attempt¬ 
ed  to  expand  their  real-time  rainfall-monitoring  pro¬ 
grams.  As  noted  in  table  35,  as  of  March  1993  a  total  of 
63  real-time  rainfall  gages  were  in  operation  in  Hawaii. 
Locations  of  these  63  gages  are  identified  on  plate  6. 
The  installation  of  real-time  gages  needs  to  take  into  ac¬ 
count  several  variables  in  addition  to  rainfall  variability. 
An  example  is  the  distribution  of  flood-prone  areas 
where  warnings  are  critical.  However,  the  distribution 
of  real-time  gages  in  Hawaii  has  the  same  types  of  prob¬ 
lems  associated  with  the  rain-gaging  program  in  gener¬ 
al.  Several  of  the  high-rainfall  areas  (fig.  16)  lack  data. 
Where  possible,  expansion  of  the  real-time  data-collec¬ 
tion  program  in  these  areas  needs  to  be  considered. 

As  early  as  1976  Schroeder  noted  that  the  installa¬ 
tion  of  a  meteorological  radar  system  is  the  only  viable 
solution  to  the  problem  of  early  detection  of  flash-flood 
potential  (Schroeder,  1976,  p.  iii).  The  NWS  plans  to  in¬ 
stall  such  a  NEXRAD  system  in  Hawaii  by  1995.  The 
system,  commonly  referred  to  as  WSR-88D,  is  based  on 
integrating  Doppler  radar  capabilities,  real-time  signal- 
processing  techniques,  meteorological  and  hydrological 
algorithms,  and  automated  product-processing  pro¬ 
grams.  The  NEXRAD  system  can  provide  products 
such  as  areal  rainfall  intensities  and  storm  totals  updat¬ 
ed  every  5  to  10  minutes  (Klazura  and  others,  1992,  and 
Shedd  and  others,  1992).  Certainly  these  new  radar- 
based  systems  have  the  potential  to  dramatically  in¬ 
crease  the  accuracy  and  areal  coverage  of  rainfall  fore¬ 
casting  in  Hawaii.  The  current  program  of  recording 


rain  gages  in  Hawaii  needs  to  be  expanded,  at  least  ini¬ 
tially,  to  provide  the  ground-truth  data  required  to  cali¬ 
brate  and  verify  the  NEXRAD  system. 

Water-quality  goals  associated  with  the  rainfall 
data-collection  program  are  being  minimally  met.  Pres¬ 
ently  (1994)  no  systematic  program  to  sample  the  water 
quality  of  rainfall  exists  in  Hawaii.  Consideration  need 
to  be  given  to  establishing  a  baseline  monitoring  pro¬ 
gram  for  each  of  the  islands  that  as  a  minimum  mea¬ 
sures  the  acidity  and  chloride  concentrations  in  rain 
from  a  variety  of  storm  types. 

Trend-related  goals  associated  with  the  rainfall 
data-collection  program  are  being  partially  met.  As  not¬ 
ed  in  table  34,  a  significant  number  of  gages  have  been 
operated  for  at  least  80  years.  These  data  have  been  used 
in  studies  such  as  those  by  Giambelluca  and  others 
(1986)  to  adjust  short-term  records  to  long-term  base 
periods.  Long-term  records  are  also  critical  in  any  at¬ 
tempts  to  quantify  if  long-teim  or  ongoing  changes  in 
the  rainfall  regime  of  the  Hawaiian  islands  are  taking 
place.  As  noted  in  table  36,  only  22  of  the  rain  gages  that 
have  been  in  operation  for  more  than  80  years  are  cur¬ 
rently  recording  gages.  Most  of  the  long-term  gages  (92 
out  of  1 10)  are  operated  by  plantations  or  ranches.  This 
factor  is  of  concern  for  two  reasons.  First,  many  planta¬ 
tions  are  being  closed  and  continued  operation  of  the  as¬ 
sociated  long-term  rain  gages  is  uncertain.  Second, 
because  most  long-term  rain  gages  have  been  operated 
by  plantations  or  ranches,  their  geographic  distribution 
is  limited  primarily  to  agricultural  areas.  This  limited 
geographic  distribution  of  long-term  trend  gages  is  il¬ 
lustrated  in  figure  17.  To  address  these  concerns,  con¬ 
sideration  needs  to  be  given  to  identifying  a  network  of 
recording  gages  that  is  planned  to  remain  in  operation  as 
long  as  possible.  Where  possible  this  network  should  in¬ 
clude  existing  sites  with  long-term  data  that  provide  a 
representative  sampling  of  the  diverse  geography  and 
rainfall  that  exists  on  each  of  the  islands.  Continued  op- 


Table  36.  Number  of  active  rain  gages  with  greater  than  80  years  of  record  by  type  and  observer,  Hawaii, 
March  1993. 


Island 

Number  of 
gages 

Recording 

Observer 

Plantation 
or  ranch 

Federal 

agency 

State  or  county 
agency 

Other 

Kauai 

29 

4 

21 

6 

0 

2 

Oahu 

14 

4 

10 

0 

3 

1 

Molokai 

1 

1 

1 

0 

0 

0 

Maui 

32 

6 

31 

0 

1 

0 

Hawaii 

34 

7 

29 

1 

1 

3 

Total 

110 

22 

92 

7 

5 

6 
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Figure  17.  Active  (1993)  rain-gaging  stations  with  greater  than  80  years  of  record  and  lines  of  mean 
annual  rainfall,  Hawaii  (rainfall  contours  modified  from  Giambelluca  and  others,  1986). 
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eration  of  selected  rain  gages  currently  maintained  by 
plantations  and  ranches  that  may  close  in  the  future 
needs  to  be  a  part  of  the  plan.  To  supplement  this  plan, 
consideration  needs  to  be  given  to  operating  at  least  one 
recording  rain  gage  in  the  watersheds  of  the  identified 
long-term  surface- water-quantity  trend  stations  (fig.  6). 
This  would  allow  comparison  of  long-term  rainfall  and 
runoff  data.  In  figure  18  the  location  of  the  watersheds 
of  existing  and  needed  long-term  surface-water  trend 
stations  and  nearby,  active  rainfall  gages  are  shown. 
Currently,  no  rain  gages  are  operated  in  the  watersheds 
of  long-term  surface-water  trend  stations  16048000, 
16068000, 16097500,  and  16108000  on  Kauai,  station 
16200000  on  Oahu,  station  16400000  on  Molokai,  sta¬ 
tions  16501200  and  16647000  on  Maui,  and  station 
16717000  on  Hawaii.  In  addition  only  10  of  the  27  wa¬ 
tersheds  currently  have  recording  rain  gages. 

The  rainfall  data-collection  program  is  made  up  of 
a  variety  of  groups,  individuals,  and  government  agen¬ 
cies  who  collect  and  store  the  data.  Attempts  need  to  be 
made  to  regularly  update  the  summary  of  sites  where 
data  are  collected.  Such  information  could  be  readily  in¬ 
corporated  into  GIS  data  bases  and  in  turn  provide  valu¬ 
able  information  for  additional  analyses.  A  summary  of 
the  rainfall  data-collection  program  for  all  historical  and 
active  sites  was  last  published  in  1973  (Hawaii  Division 
of  Water  and  Land  Development,  1973)  and  an  update 
is  needed.  As  noted  above,  a  significant  number  of  real¬ 
time  rain  gages  are  being  operated  for  which  data  are 
collected  but  not  stored.  These  data  are  extremely  valu¬ 
able  and  consideration  needs  to  be  given  to  a  remedy  for 
this  limitation.  Summarizing  available  information  and 
making  it  available  through  established  data  bases  and 
published  reports  is  a  function  that  needs  to  be  continu¬ 
ously  stressed. 

SUMMARY  AND  CONCLUSIONS 

On  the  basis  of  information  from  State,  county,  lo¬ 
cal,  and  federal  agencies,  universities,  major  water  us¬ 
ers,  and  environmental  groups,  14  specific  issues  and 
related  goals  for  the  surface-water  quantity  data-collec¬ 
tion  programs  in  Hawaii  were  identified.  These  issues 
include  problems  related  to  availability,  interaction  be¬ 
tween  ground  water  and  surface  water,  streams  for  pro¬ 
tection,  hydrologic  hazards,  and  availability  and 
analyses  of  data. 


To  aid  in  the  evaluation,  a  geographic  information 
system  (GIS)  data  base  was  developed  that  includes  in¬ 
formation  regarding  all  surface-water  stream  gages  that 
have  been  operated  in  Hawaii  by  the  USGS.  Informa¬ 
tion  for  a  total  of  668  continuous  record,  crest-stage, 
and  low-flow  partial-record  gages  are  included  in  the 
data  base.  Evaluation  of  the  current  surface-water  quan¬ 
tity  data-collection  program  indicated  that  changes  in 
status  need  to  be  considered  at  25  continuous-record 
gages,  5  crest-stage  gages,  and  12  low-flow  partial- 
record  gages.  Possible  changes  in  status  are  summa¬ 
rized  and  include  discontinuing  several  of  these  gages. 

The  existing  surface-water  quantity  data  base  was 
determined  to  be  adequate  to  address  only  2  of  the  14 
specific  issues  and  future  goals  identified  for  the  pro¬ 
gram.  Alternatives  were  identified  to  address  the  areas 
where  future  issues  and  goals  could  not  be  adequately 
addressed.  Options  include  new  and  expanded  data  col¬ 
lection,  use  of  regional  regression  analyses,  hydrologic 
and  hydraulic  modeling,  and  analysis  and  publication  of 
existing  data.  A  total  of  47  streams  were  identified 
where  additional  stream-gaging  stations  are  needed. 

Analysis  of  the  surface-water  quality  programs  in 
Hawaii  was  limited  to  a  description  of  the  USGS's  his¬ 
torical  and  existing  programs  and  a  summary  of  how 
these  data  have  been  analyzed  and  made  available.  His¬ 
torically  surface-water  quality  data  have  been  collected 
at  30  gages  on  Kauai,  75  gages  on  Oahu,  12  gages  on 
Molokai,  24  gages  on  Maui,  and  30  gages  on  Hawaii. 
Limitations  of  the  existing  program  were  identified  and 
include:  (1)  limited  continuous  records  of  suspended 
sediment  have  been  collected,  (2)  systematic  programs 
to  collect  water-quality  data  related  to  land  use,  surface- 
water  discharge  to  oceans,  general  background  water 
quality,  and  nonpoint-source  effects  are  lacking,  and  (3) 
coordination  between  the  numerous  agencies  in  Hawaii 
involved  with  surface-water  quality  issues  could  be  im¬ 
proved. 

The  density  of  rain  gages  in  Hawaii  is  one  of  the 
highest  in  the  world.  Future  goals  identified  for  the  rain¬ 
fall  data-collection  program  were  discussed  as  either  re¬ 
gional,  systems  related,  current  needs,  forecasting, 
water  quality,  or  trend  analysis  related.  Description  of 
the  program  noted  that  close  to  2,000  rain  gages  have 
been  operated  at  one  time  in  Hawaii.  As  of  March  1993 
there  were  528  active  gages  on  the  islands  of  Kauai, 
Oahu,  Molokai,  Maui,  and  Hawaii. 
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Figure  18.  Active  rain-gaging  stations  located  within  or  adjacent  to  watersheds  of  existing  and  needed  long-term 
surface-water  quantity  trend  stations,  Hawaii,  1994. 
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Evaluation  of  the  rainfall  data-collection  program 
indicated  that,  in  general,  future  goals  could  only  be 
partially  met.  Gages  are  lacking  in  areas  of  high  rainfall 
and  areas  where  neither  residential  development  nor  ag¬ 
riculture  is  prevalent.  Additional  recording,  and  in  some 
areas  real-time,  rain  gages  are  needed.  A  majority  of  the 
long-term  rain  gages  in  Hawaii  (92  out  of  1 10)  are  op¬ 
erated  by  plantations  and  ranches.  A  significant  issue 
involves  the  potential  closure  of  several  plantations  so 
that  continued  operation  of  many  of  these  long-term 
rain  gages  uncertain.  Available  analyses  of  storm-fre¬ 
quency  data  for  the  islands  of  Kauai,  Molokai,  Maui, 
and  Hawaii  need  to  be  updated. 

Evaluation  of  data-collection  programs  in  Hawaii 
needs  to  be  an  ongoing  process.  Goals  are  constantly 
evolving  and  programs  need  to  be  flexible  enough  to 
meet  them.  Summarizing  available  information  and 
making  it  available  through  data  bases  and  published  re¬ 
ports  is  a  function  that  needs  to  be  continuously 
stressed.  The  need  for  coordination  between  the  numer¬ 
ous  agencies  involved  with  data-collection  activities  in 
Hawaii  needs  continued  emphasis. 
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Table  1.  Surface-water  gaging  stations,  island  of  Kauai,  Hawaii,  through  1994--Continued 
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Table  2.  Surface-water  gaging  stations,  island  of  Oahu,  Hawaii,  through  1994 

[P,  in  operation  1994  water  year,  makai,  oceanside;  mauka,  mountainside;  —  less  than  1  complete  year  of  record] 
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Table  2.  Surface-water  gaging  stations,  island  of  Oahu,  Hawaii,  through  1 994--Continued 
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Table  2.  Surface-water  gaging  stations,  island  of  Oahu,  Hawaii,  through  1994--Continued 
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Table  4.  Surface-water  gaging  stations,  island  of  Maui,  Hawaii,  through  1994 

[P,  in  operation  1994  water  year,  --  less  than  1  complete  year  of  record] 
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Table  4.  Surface-water  gaging  stations,  island  of  Maui,  Hawaii,  through  1994--Continued 


i/) 


8 

E  E 


a 

0)  o 

i 

o 

ra 
© 
CL 

z 

o 

5= 

I 


£ 

00 

00 

00 

£ 

00 

£ 

oo 

00 

oo 

£ 

£ 

00 

C/5 

£ 

n« 

£ 

00 

£ 

C/5 

£ 

OO 

£ 

oo 

£ 

00 

1 

wo 

1 

wo 

1 

l-H 

1 

wo 

1 

Os 

1 

wo 

1 

.  1  O' 

oo 

1 

00 

1 

00 

1 

6 

i 

CN 

00 

i 

-4 

■ 

i  ch 

ff 

00 

1 

1 

CO 

00 

1 

1 

wo 

vi> 

co 

CO 

r-H 

CO 

VO 

fH 

1  i  ft 

CN 

cs 

CN 

ft 

CN 

Ov 

r- 

1  CN 

WO 

<N 

VO 

(N 

wo 

VO 

CM 

Si 

as 

H  <o 


I 

c 

c 

o 

33 

S 

V) 


CO 


3  3  3 


3  3 


3  3  3  3 


o 

a 

B 

o 

a 

B 

o 

9 

B 

23  23 

o 

9 

B 

o  o 

9  9 

B  B 

o  o  o 

9  9  9 

B  23  X!  23  23  B  B 

O  O  O  O 

9  9  9  9 

B  B  23  \§  B  23  23  23  23 

O 

9 

B 

<3 

9 

B 

a 

o 

o 

c 

o 

o 

c 

o 

o 

a  a 
•3  ’S 

c 

o 

o 

c  c 
o  o 
o  o 

g  M  M  M  M  §  § 

O  T5  T3  03  "T3  O  O 

CC«CCW««« 

O  Q  -m  O  o  .m  -m  .32  .32 

O  003  O  003030303 

c 

8 

c 

o 

o 

8 


o 

c 


8 


on 

<U 

JO 


u  on 

So  So 


8 


M  M  M  M 

ggg&&&£gg 


wn  «  on  on  on 

00<D004>©4>© 
C  C  >,  C  C  Po  >,  >>  >% 


o 

n 


8 


Vi 

on  il. 

on 

on 

on 

C/i 

on 

on 

on 

on 

on 

on 

09 

on 

XA 

on 

u 

<0  -m. 

O 

o 

o 

<u 

0) 

V 

0) 

d> 

<u 

O 

o 

O 

<U 

o 

an 

<U 

0> 

0> 

o 

V 

>v 

?OOV 

c 

c 

c 

So 

So 

So 

>> 

?o 

?o 

c 

c 

3o 

>o 

>o 

3o 

3o 

>o 

>-* 

c 

3o 

Hh 

c/5  J 

i  i 

VO  VO 


C/5 

wo 


00 

oo 

r- 

00  w^ 

Tj-  00 

VO  'T 

00 

CN 

’T  °? 

CO 

CO 

’H  CN 

’V 

J.  CN 

Z5  ov 

CV  oo 

f-H 

r~-  oo 

^  CN  CN 

<7 

f? 

•  CN 

E2  ^ 

^7  r-H 

cn  r— < 

•5 

cn 

d> 

f-H 

f-H  f-H 

Ov  Ov 

f-H  f-H 

JJ  CO  VO 
^  Ov  OV 

y~^  f-H  t-H 

CN 

CO 

CN 

CO 

Os 

os 

Ov 

ov 

On 

Ov 

ov 

£ 

00 


s 


ja 

oo 

'3 

8 

3 

£ 

4~* 

3 

£ 


co 


co  co  co  wo  oo 


ft 

VO  ^  00 


V  .  . . Tt  .  • 

OsOsOsOsOsOsOsOsOs 


VO 

Ov 


O  f'  W  WO  CO 


co 

r-  ^7  oo 


ft  Os 


wo 

. _  .  .  co  o  c^  co  wo  co  r~  ^t0?,  ,  „  .  ,  , 

^  00  vo  CS^VO  (V(V'<f'9'T0f’V0?  <^W0  CN  CN 

d>  d>  wo  vA  ooS!<n  cNcNoocod>cN<d>cN  r^- gj  oo^co  oogvov 

(f|  m  H  H  N  H  m  r-H  ^H^VO 

Os  Os  OS 


CO) 


CN 


OsOsOsOsOsOsOsOsOs 


£ 

oo 


oo 


Si  23 

a  a 
S  Q 


oo 


£  £  £ 

oo  oo  oo 


1 

a 


.c 

a 

5 


23 

a 

a 


si 

a  > 

5  * 


£ 

00  00 


tu 

^  ^ 

00  00  00 


1  £ 
Q 


£ 

00  00 


Q 


23 

Q 


03  03 
Q  O 


Uh 

m) 


•  fH  •  H  •  fH  ♦  H 

Q  Q  Q  Q 


£  £  £ 

OO  00  00 


V 

CO 


« 


1 

3 

0) 

a 

5 

•o 

oo 

§ 

& 

1 

s 

ti 

T3 

V 

3 

00 

<£5 

p 

•a 

J3 

3 

w 


I 

£ 


o> 

a  2 


V 

*4 


c 

23 

a 

5 

I 

I  § 

H  W 


a 

8. 


Iff 
*3  5  s 

S  .23  42 

2  <u  <u 

E  i) 

g  8  8 

I  a  a 

tC  oo  oo 


*  (S  CO 

CN  <N  CN 

wo  wo  wo 

VO  SO  so 


VO 

r- 

a 

Ov 

f-H 

f-H 

CN 

CO 

wo 

VO 

t" 

00 

Os 

f-H 

f-H 

CS 

CO 

CN 

CN 

CN 

co 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

co 

H- 

•vt 

ft 

WO 

wo 

wo 

wo 

wo 

wo 

wo 

wo 

wo 

wo 

wo 

wo 

wo 

w^ 

wo 

wo 

wo 

WO 

wo 

VO 

so 

VO 

VO 

VO 

VO 

so 

SO 

so 

VO 

SO 

VO 

VO 

so 

VO 

VO 

VO 

VO 

VO 

t— H 

»—) 

»— 1 

f— H 

f-H 

f"H 

f-H 

i— H 

f-H 

f-H 

f-H 

f— H 

r-H 

f-H 

f— H 

f-H 

f-H 

f-H 

i— H 

Table  4  91 


Table  4.  Surface-water  gaging  stations,  island  of  Maui,  Hawaii,  through  1 994-Continued 


«*-  CM 
°  £ 

li 

»-  w 


o 

V 

S 

(0 


3 

V) 


CO 

co 

co 

co 

co 

CO 

CO 

co 

co 

co 

3 

3 

3 

13 

3 

3 

3 

3 

3 

3 

3 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

■s 

■s 

■s 

-G 

JS 

X2 

X3 

J3 

E 

0> 

C 

•3 

•-§ 

C 

•3 

•s 

C 

•3 

■s 

C 

C 

C 

O 

2 

2 

a 

-C 

C 

C 

C 

C 

C 

C 

C 

O 

O 

O 

•  H 

•  H 

pH 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

•3 

*3 

TJ 

•3 

•3 

4> 

O 

O 

O 

O 

O 

O 

O 

JO  JS  JS 
o  o  u 


JS 

o 


to 

3 

co 

3 

CO 

3 

13 

13 

13 

O 

O 

O 

f-H 

l-t 

l-H 

3 

3 

3 

0> 

0> 

0> 

c 

C 

3 

£ 

£ 

£ 

3 

JS 

•3 

■3 

J= 

XS 

4> 

4> 

o> 

c 

2 

c 

C 

O 

2 

-C 

-S 

.p 

0 

•  H 

0 

O 

•  H 

Ph 

Ph 

Ph 

0 

•3 

0 

O 

•3 

T3 

4> 

0 

a> 

s 

>N 


£ 

on 


00  *? 

J  co 

2 

tr  «— i 

On 


CO  ca  CO 

O  O  4>  0>  0) 

C  C  Po  >> 


co  co  co  co  co 

d)  4J  O  4) 

^ 


oo  on  on  oo 


on  co 

4>  <0  O  O  O  O 

>v  >>  C  C  C  C 


8  8  o  8  8  8 

^  C  J>N 


00 

wo 


£ 

00  oo 


> 

!>•  oo  oo 


— H  VO  C-  00 


no  wo 


00 

I 

o 


o 

c 


8 

>N 


£ 

6 


to  CO  CO 

O  O  O  4)  «  4> 

C  C  C  >>  >v  >n 


880888 

c  ^ 


CO  CO  CO  CO 

0>O4>OO4>UOOO 

>*G>^GG>*>^GGG 


8080888000 

G  G  ^  G  G  G 


*  *  *  > 

00  OO  C/5  |> 

6  '  “ 


1 

wo 

CO 


00 

^  CO 


00 
I  00 


^  ^  ^  ^ 

!>  00  00  00 


00 

I 

CN 


§  3 


1 

NO 

<N  CO 


U-,  pu, 

00  00  _J  ,-J 

-H  I  NO  CO 


CO 

O 

On 

OO 

o'? 

CO 

WO 

NO 

00 

On 

00  Tfr 
?? 

t-H 

8 

r—H 

A 

CN 

CN 

CN 

CN 

<?  A 

J  CO 

vH 

iH 

3 

CO 

5 

■'t 

3 

WO 

3 

Ht 

On  CN 
„  n-h  CO 
°®  On  On 

^  t—H  i-H 

On 

On 

ON 

On 

ON 

ON 

On 

On 

ON 

ON 

On 

CO 

CO 


I  I  00  r  r-  <N  t"  t-h 

Oncn'Vcn'O^'O-? 


CO 


3° 


CO 


O' 


On 


CN  y-* 
On  On 


civA 

5®oonon 


On  ( 


ON 


On  On 


CN 

CN 

O 

r- 

wo 

CN 

CO 

CO 

NO 

co 

wo 

r-H 

CO 

8 

7 

ti 

8 

8 

1 

vH 

1 

rH 

A 

H 

CN 

rH 

CO 

h-H 

r-H 

CO 

On 

On 

On 

On 

On 

On 

ON 

ON 

£ 

00 


XI  £  J3 

>  ;>  3  3  3 

^5SS 


J?  Ji  ^  ^  ^  ^ 

Q  Q  00  00  00  00 


00 


x;  x:  x: 

£  £  £  J  J  J 

^  00  ^  c5  t5  5 


J3  J3 


00  00 

S3 

NO  NO 
ON  On 


(X,  tLc 

j3  j2  >— 3  ►— 3 

00  v>  (5  c5  00  00  00 


£  £  £ 


WO  «  h  H  M 

t  t  t  WO  WO 

wo  wo  wo  wo  wo 

VO  'O  VO  VO  VO 


8  8  8  8 

CN  WO  no  OO 

CN  CN  CN  CN  CO 

wo  wo  wo  wo  wo  wo 

wo  wo  wo  wo  wo  wo 

NO  NO  NO  NO  NO  NO 


8 

wo 

wo 

NO 


wo  no  r-  00  _ 

WO  WO  WO  WO  no  NO 

wo  wo  wo  wo  wo  wo 

NO  NO  NO  NO  NO  NO 


;  8  § 

1  wo  O 

1  w~ 

1  wo  NO 

)  NC 

1  NO  NO 

)  wo 

1  wo  wo 

>  NC 

1  VO  NO 

92  Evaluation  of  the  Surface-Water  Quantity,  Surface-Water  Quality,  and  Rainfall  Data-Collectlon  Programs  In  Hawaii 


■O 

CD 

3 

C 


O 

O 

I 

H- 

o> 

O) 


cn 

=3 

O 


(0 

$ 

(0 

X 


(0 


XJ 

c 

J5 

« 

(0 

c 

o 

(5 

« 

O) 

c 

U> 

(0 

D) 

k_ 

(D 

<3 

£ 

<b 

o 

<0 

t 

3 

0) 

Tt 

_a> 

* 


o 

T3 

8 

E  £ 

~  » 


CO  7J 

$ 

o 

sc 

J* 

s 


5 

o 

$ 

3 


o' "g 

^3 


© 

E 

© 

c 

c 

o 

35 

a 

(0 


c 

o 

a 

(0 


CA 

3 

o 

I 

C 

B 


co 

3 

o 

!  43  43 

g  a  a 

8  '*9  ’-9 


w 

3 

o 

3 

£ 

c 

8 


8: 


fS 
cs 
o.Son 

C  M  H 


£ 

00 

00 

vo 


oo  Tt  vo 

j*  j  *T 

ON  ' 


o  8  8  o 

3  so  so  s 


<8  8  to  o 
so  so  so  b 


w  ^  w  w 

3  13  13  3  3 

§  &  &  §  § 

q  E  £  c  c 

'S  v  §  •§  *3 

c  s:  x:  c  c 

8  &  8-  8  8 


o  o  o  o  o 
c  c  c  c  c 


43 

a 

t3 


43 

a 

■•9 


43 

B 


n 

3 

O 

! 

c 


CA  CA  CA  CA 

3  3  3  3 

O  O  O  O 

3  3  3  3 

43  43  •■§'•§  43  43  43 

||  §  §  §  §  HI 

•o  ’9  o  o  o  o'O'^’O 


8  <8  8  o 

So  So  So  3 


8 


(A  _  _  _  CA  CA  CA 

<UOOOO<U4J<U 
So  SO  3  C  3  C  So  So  So 


8 


_  o  o  o  o 

SO  C  3  3  C 


8 


CA  (A 

_  <u  <u  o 

^  ^  3 


00 

<N 


£ 

00 


00 

I 

00 


Uh  % 
_J  1 
I  on 

VO  CO 


£ 

00 

!  <N 


COCOCO^^^COCOCO 

<uo>a>oooa><i>4> 

C  C  C 


£ 

oo 

I 

CN 


£ 

£ 

CO 

OO 

OO 

o? 

CO 

00 

o 

VO 

cs 

■4 

r^ 

<N 

NO 

Tt 

00 

NO 

NO 

C<0 

CA 

3 

o 

3 

43 
3  a 

8  I 


CA  CA 

<U  4J 

So  So 


CA  CA 

4)  <U 

So  So 


£  £ 
00  00 
r  r 
vo  t-h 
» — <  r 


CA 

3 

O 

3 

•s 

3 

8 


43 

a 

'•9 


CA 

3 

O 

3 

£ 

3 

8 


43 

a 

'■9 


CA  CA 
<U  4> 
So  So 


CA  CA 
4)  4) 

So  So 


£  £ 

00  00 


vo 


o 

r- 


8  8 

So  So 


CA  CA 
4)  a) 


00  00 
r  r 
vo  «-h 


!  on  o\  o\ 


CO 

H- 

00 

H 

CO 

CO 

00 

00  oo 
_  h  m 
*— *  I  l 

CO 

CO 

CO 

NO 

>— <  'J' 

CO 

<s 

CO 

^H 

t" 

^H 

1 

<7<n 

0 

5 

CO 

COOs 
JL  t-H  t-H 

O  Q\  Q\ 

1 

y—4 

I 

y—i 

I 

"T  CO 

t-H 

■ 

t-H 

1 

V 

CS 

co 

<N 

<N 

cs 

cs 

1 

<N 

<N 

ON 

1 

<N 

8 

1 

T-H 

t-H 

^  T-! 

NO 

CO 

CO 

NO 

T— ( 

r-H 

t-H 

—•  3h 

t-H 

r-H 

t-H 

t-H 

r-H 

Os 

On 

On 

ON 

ON 

ON 

ON 

On 

Os 

Os 

ON  ^ 

Os 

On 

Os 

On 

On 

3  3  2  2^  3 

<-<  N  lH  r-ll,  ff| 


43  43 


00 


£  g  g  £ 
£  a  q  £ 


£  £  £  £  £ 

OO  OO  00  00  00 


43 

a 


43  43 

a  a 


43 

a 


43 

a 


43 

a 


43 

a 


43 

a 


a  a  a  ;»  aa^^^^aaa 

QQQoo  SiDooooooooSQQ 


43 

£  g 

CO  Q 


43 

*  5 


00 


43 

£  g 

£  Q 


X 

X 

X 

00 

•  H 

X 

£ 

£ 

* 

D 

q 

£ 

£ 

£ 

3 

0 

8 


CN 

CO 

VO 

H- 

VO 

NO 

r- 

r~ 

r- 

r~ 

r- 

r- 

VO 

VO 

vo 

vo 

VO 

VO 

NO 

NO 

NO 

NO 

NO 

NO 

vo  Q 

OO  On  On  O 

r-  r-  r-  oo 
vo  vo  vo  vo 

NO  NO  NO  NO 


CSCO'^-WONOt^-OOON 
OOOOOOOOOOOOOOOOON 

vovovovovovovovovo 

\OVO'0'OvOvOvOVOvO 


Table  4  93 


Table  4.  Surface-water  gaging  stations,  island  of  Maui,  Hawaii,  through  1 994--Continued 


3 

5P 

CC 


in 

C 

o 

a 

s 

E  E 


J2 

(0  o 

? 

o 

JC 
CO 
© 
O. 


§ 

0= 

I 


CM 

°  s 

^2 


© 

E 

CO 

c 

c 

o 

a 

a 

V) 


c 

o 

a 

a 

<0 


o 

3 

C 

8  T3 


XS 

a 


3  3 

o  o 

3  3 

■S 

c  c 


o 

3 

.3  J3  •.§  J3 

a  a  C  s 


rH  O  O  »  rH  » rH  O  » H 

O  O  O  T)  'O  O  T3 


3  73  13  73  13  3  3 

O  Vh  Vh  t-4  t-C  O  O 

3  0)  fl)  O  5)  3  3 

i  -  E  E  E  E  .5  ,S  - 

3  x  ©  ©  aj  ©  \n  8  x 

C  Q  _8  .3  _C  .3  3  C  Q 

-  ^  ft  ft  a  D.  O  O  -w 

«  ©  ©  ©  O  O  T3 


8  "3 


O 

3 


C 

O 

a 


C/5  C/5  _  C/5  C/5  _  C/5 

©  O  ©  ©  O  © 


O  ©  ©  O  ©  _ 
c  so  so  3  So  So  3 


c/5  c/5 

o«oooooo©o 

ssosssbbbsos 


o 

3 

1  JS 

S  I 

©  T3 


o  3 

c  So 


3  3 

o  o 

3  3 

•.§  -s 

s  c 
o  o 


J= 

B 


o 

3 


C 

o 


o 

3 

J3  J3  'S 

«  8  § 


O  TJ  CJ  T3  "3 


o  o  8  o  3  w 


s  c 


_  o  ©  ©  o 

So  3  So  So  3 


13  3  3 

§  §  § 

J3  X3  ©  \§  \§ 

O  J3  C  C 
•  ■-*  •  CL  o  O 

•a  T3  ©  O  o 


c/5  on 

©  ©  O  O  O 
so  so  c  c  c 


VI 

C/5 

1/5 

C/5 

CO 

U5 

c/5 

M 

C/5 

C/5 

C/5 

CO 

C/5 

CO 

C/5 

CO 

CO 

© 

© 

o 

© 

© 

o 

© 

Q> 

© 

O 

o 

o 

o 

o 

o 

© 

© 

o 

© 

© 

© 

© 

U 

<L> 

© 

o 

0> 

© 

O 

© 

o 

>v 

>v 

c 

So 

So 

c 

So 

>N 

So 

c 

c 

e 

c 

e 

3 

So 

So 

c 

So 

SO 

So 

So 

So 

So 

c 

So 

c 

So 

c 

on  on 

i  i 

VO  cn 


©2  E5- 

'  on 

00  i 

<N  CN 


£ 

on 

i 

«n 


on  on 


O 

O 

o 

o 

O 

in 

U 

CO 

U 

CO 

U 

CO 

u 

> 

CO 

CO 

U 

1 

r-H 

00 

r-H 

1 

00 

CO 

i 

1 

o 

co 

1 

co 

1 

i 

CN 

CO 

1 

CO 

CN 

CO 

(N 

CN 

r-H 

CN 

r-H 

H- 

CN  CN 


CN  CN 


in  oo 

-  .  -  .  co  _  cn  cn  co  ’T  *7 

23333;  3  332- 

VO  r-H  r-H  VO  r— H  r-H  r-H 

On  On  On  On  On  On 


On  On 


. . , .  *7 

ovov  £ 


cn 

r-H 


°r 

CO 

VO 


CL, 

vi 

VO 


°r  °r  j 

co  vi  o 

vO  VO  —i 


co 

oo 


CO  '  _ 

3  2d, 

«n  <n 


<n 

r-H 

I 

CN 


OvOvOvOvOvOvOvOvOvOvOvOvOv 


.3  -G 


£  |  £  £  |  £  £  | 

onQononQQonQ 


£ 

on 


a  o  o  a 

on  on  on  on 

j:  U  U  U  U 

l  l  l  l 


o 

on 

x  V 

£  M  ££ 


QononononononQ  on  on  on 


*  I 


J3 

a 


"© 

3 

53 

EG 

© 

8 

c3 

© 

3 

X! 

I 

c 

B 

D 

5 

£ 

03 

cd 

EG 

EG 

4-* 

;2 

8 

cd 

x: 

o 

EG 

3 

53 

O 

8 

8 

8 

EG 


« 

3 


© 

3 

EG 

c3 

© 

c 

.fcs 

© 

£ 

8 


8 


£  53  SJ  „ 

G  $2  3  X 


rfl  fl  fl  rt 

;  S  5  5  a 


CN  O  O  O  in 

vO  t  OO  GT\  OV 

Ov  Ov  CJv  Ov  Ov  _  _ 

inminininvovovo 
vovovovovovovovo 


IT  IT  TT  TT 

8  8  8° 


CO  C'  OO  00 

CO  CO  CO  CO  CO 

~  ~  o  o  o 

'O'O'O'O'O'OVOVO'C'O 
vO  VD  VC  VO  VO  VO  VO  VO  vo  VO 


£ 

on 


on 


£  £ 
00  oo 

I  I 
r-H  ON 


O  ^ 


on  on 

r  r 

CN  —i 


j 

O 

CO 


CO 


r"  cn  cn 


<!>£  ci  ci 


CO  CO 


CL, 

2  1 

"71  co 


CO 


Ov 


3\  0\  ft  Ov  Oi  Ov 


CN 

s 

cn 

ON  On  On  On 


ci  ci  4 

r-H  r-H 


•£2  ^2-12 

£  £  £  £  £  £  £ 

on  on  Q  on  Q  Q  on 


CL 


j:  x 
o  o 
+-*  •*-* 

s  s 


8  8  8 

ll  ri  i 

^  ^  ^ 


VC  vO  VO  VO  vo  VO  vO 

VC  vO  VC  VO  VC  VD  VO 


I 

CO 

T— 4 

Ov 


O 

on 

J3  J3  V 

M  M  £  ^  ^ 

Q  Q  on  on  on 


888 
in  o  r- 

VO  h  h 


VO  VO  VO  VO  VO 
VO  VO  vo  vO  vo 


94  Evaluation  of  the  Surface-Water  Quantity,  Surface-Water  Quality,  and  Rainfall  Data-Collectlon  Programs  In  Hawaii 


u> 


X> 

<D 


C 

o 

O 

■ 

■ 

h- 

CD 

CD 


CD 

3 

O 


l 

I 

'5 

<0 


o 

TJ 

c 

JO 

.w 

CD 

c 

o 

’IS 

CO 

CD 

c 

CD 

CO 

CD 

k. 

CD 

CO 

£ 

i 

CD 

o 

CO 

t 

W 


V 

J3 

CO 


3 

E  E 


ra 

5 

? 

cc 


i=  « 

0)  O 

5 

o 

5= 

3 

CL 

I 

C= 

i 


«*-  CM 

°  s 


I 


® 

E 

CO 

c 

c 

o 

33 

a 

CO 


c 

o 

:p 

a 

CO 


3 

o 

co 

CO 

3 

0's 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

S3 

CO 

CO 

CO 

CO 

CO 

co 

CO 

S3 

a 

S3 

o*» 

S3 

os 

a 

S3 

os 

S3 

os 

S3 

os 

S3 

os 

S3 

os 

S3 

os 

§ 

S3 

os 

os 

os 

3 

os 

S3 

os 

G 

os 

G 

os 

w 

3 

w 

S3 

u 

w 

S3 

a 

u 

3 

CD 

3 

w 

S3 

u 

S3 

§ 

S3 

u 

S3 

w 

SJ 

u 

p 

w 

S3 

w 

S3 

w 

S3 

w 

G 

o 

G 

•a 

•a 

E 

V 

a 

a 

03  03 

a 

E 

4> 

03  03 

a  a 

a 

03 

a  a 

03 

a 

'i 

a  a 

03 

a  a 

a 

a 

a 

c 

a 

os 

X3 

CL 

CD 

c 

c 

a  a 

c 

Os 

03 

Oh 

«> 

a  a 

c 

Os 

c 

os 

c 

os 

a 

3 

os 

3 

os 

3 

os 

3 

os 

3 

os 

8 

os 

a 

3 

os 

C 

os 

c 

os 

G 

os 

G 

os 

8 

8 

8 

8 

T3  T3 

8 

•S  TS 

8 

vJ 

CJ 

o 

^3 

vJ 

o 

8 

•6 

LJ 

O 

w 

O 

O 

w 

o 

T3 

8 

8 

O 

o 

o 

w 

O 

o^ 

o*> 

os 

yes 

yes 

os 

Os 

yes 

yes 

os 

Os 

os 

yes 

os 

os 

yes 

os 

OS 

OS 

OS 

M 

os 

os 

os 

OS 

os 

w 

c 

w 

a 

w 

c 

u 

3 

w 

c 

w 

c 

w 

c 

c 

w 

c 

c 

w 

3 

w 

3 

w 

C 

w 

C 

w 

C 

w 

c 

>> 

O’ 

3 

O 

C 

o 

G 

w 

G 

o 

G 

05 

CO 

05 

05 

«) 

05 

05 

CO 

05 

05 

05 

05 

0> 

05 

05 

05 

05 

CO 

0> 

O 

O 

O 

0> 

CD 

o 

O 

V 

u 

CD 

o 

0> 

0> 

0) 

V 

u 

V 

4) 

CD 

o 

CD 

CD 

0> 

o 

O 

0) 

>v 

3 

3 

8 

>5 

3 

3 

>N 

>> 

3 

>v 

>v 

>v 

>5 

>N 

>5 

>N 

3 

>N 

>> 

>5 

3 

3 

>s 

oo 

i 

CN 

•'t 


O  „ 
t —  CL. 

g'CTvOv 
cr>  >— i »— c 
o\ 


co 

^■H 

4 


£ 

00 


3 

JS 

a 

§ 

o 

X 


£ 

00 

CO 

.2 

1 

•3 


o  g 


M  U  M 

V  6 

VO  CO 


o  _ 

CL 

a 


*  *  *  * 

C/3  00  00  OO 


i 

US 


£ 

00 

r 

«n 


OOO. 

ci,on 

COMO 
*— <  CN  OV 
ov  Ov  Ov 


On  O  ON  C7\ 


o  o 

oo  oo 


U 


CN 

VO  vo  VO  VO 

vO  vO  VO  vo 


£  £ 
CO  CO 


O 

CO 

U 


* 

CO 


CN 

CO  CN  CN 


CO  H  h 


4 


4 


l 

CO 


OV  Ov 


00 

°f 

CO 

VO 

ov 


CN  CN 


!  I  I 


CN 


CO 

I 

CO 

US 


OV  On  On 


O 

Ov 


On  On 


■s 


I 


o 

CO 

U 

£  £ 
CO  CO 


a  a 

a  a 


£  £  £ 
CO  CO  CO 


I 


EC  X  EC 


cNcoco-^-vovqt^ooov 
CNCNCNCNCNc4cNCNCNCN 
VO'OVO'OVOVO'O'O'O'O 
VOVONOVOVOVOVOVONOVO 


O 

>>  CO 

>  U 

CO  • 

I  *-H 

CO  CO 


00  t" 

^22 
J,  -H  us 

£JonOn 


I 

CO 

r-H 

Ov 


CO  CO 
us  co 


Oh 

co  Mr 

Nj>vA 


VO 

On 


vo 

Ov 


I  I 


On  Ov 


o 

co 

U 

£  £ 

CO  CO 


i  % 


cd 


•a 

z  J3 

13  s 

1-1  o 

a  m 


a> 

3 


cd 


•a 

S3 

p 

a  * 

i  $ 

4->  I— I 

3 
0> 


a 

0) 

3 


fi  £ 

CO  CO 

•a  -a 
&  * 
o  o 
ia  .s 


jd 

§> 

•o 

CO 

E 

o 

•a 


CD 

■fcj 

CO 

cd 

E 

o 

•a 


EC  EC  «  « 


I  I 


^  l 

CO 


Ov 


o 

Ov 


o 

Ov 


£ 

CO 

■4 


CN 

•n*? 
<N  4) 

'AS 


Ov 


^  ^  ^ 
CO  CO  CO 


£  £ 

co  co 

cd  CO 

•a  ri 

a  a 

cd  cd 


•a 

a 

V 

c 


.fca 

CD 

£ 

a 


GO 

■a 

K-J 

a 

<U 
C 
CD 

I 

-4~» 

•S 

a> 

cn  g 

.h  -ri 

V  cl 

*  t 

a  a> 
-  > 


•a 

a 

c 


t>  (U 

is  is 

CO  CO 
eO  cO 


a  i3 

•1  I 

i  -a 

►j  _> 


a 

CO 

cO 


•a 


£ 

CO 


co 

coU 

i  i 

VO  Ov 
CN  (N 


CO 


Tj-  VO  Ov 

H 

I 

CO 


ov  Ov 


2S 

VO  On 
Ov  OV 


o 

Ov 


O 

Ov 


CN 

r-H 

On 


4 

r-H 

On 


-C 

a 


o 

co 

U 

^  &  &  £ 
CO  CO  CO  CO  CO  CO 


•3 

J 

a 

o 

c 


cd 

c 

•a 

I 

a 

CD 

c 


ecj 


§  J  5 
J  a  ^ 

s  ? 


CD 

is 


e 

X! 

a 

•  H  n 

2  2  a 

!  5  <2 

!  I  E 

111 

J3  w  w 


CO  CO 
sS  cd 


3 

cd 

Cj 


3 

cd 

a 


•a  -a 

o  o 

[Ih  d, 


o 


£ 

co  & 


cd 

c 

3 

■8 

a 

ID 

c 


£ 

CO 

ed 

a 

a 


Table  4  95 


<n 


T3 

<D 

3 


C 

O 

O 

I 

■'t 

CT> 

o> 


03 

3 

o 


(0 

i 

x 

'5 

<o 


o 

TJ 

C 

JO 

w 

w 

c 

o 

(0 

00 

O) 

c 

O) 

(0 

O) 

l_ 

0) 

To 

£ 

i 

© 

(0 

t: 

3 

CO 

4 
« 
-O 


(/)  o 


9 

a. 


H-  CM 

°  s 

s.1 

^5 


© 

E 

n 

c 

c 

o 

©2 

3 

CO 


w 

3 

O 

3 

o 

I  § 

T>  O 


CA 

3 

O 

3 

•■§  .3 

C  £> 

8  I 


13 
v  <3 
E  6 

U  0) 

JS  -c 
PC 
V 


& 


C/5 

a 

§ 

■s 

c 

8 


C/5 

§ 

c 

o 

o 


V 

E 

5  .3 

f  I 


CO 

§ 


(A 

3 

O 

3 


| 

-a 


■s  -s 


c 

o 

o 


C/5 

(A 

C/5 

3 

CA 

CA 

CA 

0 

© 

4> 

© 

© 

0 

O 

O 

© 

u 

>> 

3 

to 

>> 

to 

to 

3 

3 

3 

to 

to 

o 

3 


13  13 


©  © 

E  E 

©  <D 

C  £  _ 

&  P<  & 

a>  a>  « 


u 

E 

4> 


o 

c 


o 

c 


o 

c 


8  8 
to  to 


On 


O 

00 

U 

I 

m 

ro 


Oh 

<N  (A 

<-,'0  0 

§22 

ON 


8  8 
to  to 


;»  ^ 

>  00 

1/5  .A 
4  3 


8  8 

to  to 


o 

c 


008888000 
e  c  to  to  to  to  s  c  c 


13  13 
8  8 
E  E 

V  V 
_c  .3 
PC  PC 
4)  W 


o  o 

3  3 


O  O 
3  3 


o 

^  ^  u  ^ 

°?  ^6  «? 

fS  On  co  wo 


O  OOO  OOO 

000^^^.00  00  00^.000000 

y>v>>>uvv  &U  U  U 

U  •  c/5  00  00  1  *  •  00  '  '  ' 


CO 


4  NO 


w->  co  co  co  r--  co 


00 
I  I 


On  On 


OOCt^ 

-332 

as  J.  fAA 

NO  t" 


NO  On 


-  . 

'■Sl  4cA<Aic!»cAcAcA 

pJic;  'ONChhhvO'OnO 


r-.  r~  t-~ 

r-cc,i-i^H^ec,pc,cc, 


On  On  On 


O 

00 

S> 

00 


xi 

>  a 

£  a 


On  On  On  ON 


O 

OO 

u 

£  **  z 

C/3  C/3  C/3  CO 


On  On  On  On  On  On  On  On 


O  _ 

CN  <— c 

no  r- 

ON  ON 


a  a 


PC,  PL, 
I  | 
cs  cs 
r-  t" 

On  On 


o  o 

00  00 

£  £ 

00  00 


J3 

a 

5 


-3 

a 

a 


OOO 
00  00  00 

V  V  9 


£ 

£ 

£ 

C/3 

C/3 

C/3 

C/3 

C/3  C 

OOO 

OO  C/3  00 

V  9  9 

*  £ 


■9 

-j 

8 

v 

3 

5 

3 

O 

E 

8 

v 

3 


3 

l 

J 

8 

4) 

3 

J3  8 

ja 
Q  <0 
3  3 

i  i 

3  3 

3  3 


* 

8 


3 

13 

* 

o 


8 

© 

3 


13 

* 

Q 


3 

13 

£ 

o 


8 

© 

3 

J3 

3 

o 

© 


C/3 

3 

CO 

3 

Jj 

1  •! 
j=  u 

© 

.•s 

13 

13 

© 

©  0 

CA 

* 

£ 

E 

E  *« 

& 

0 

O 

0 

O 

J 

3  13 

3  s 

3 

O 

C/3 

C 

O 

co 

CO 

CO 

5  wo 

NO 

3 

3 

1  3 

3 

0) 

NO 

NO 

1— H 

NO  NO 

rH  r-H 

NO 

* 

8 

CN 


NO 


8  8 


wo  wo 
O  00  ON 


WO 

t —  t~~  00  On  _  _  _  _ 

^  ^  ^  ^  to  to  i^o  tro  no 

NO  NO  SO  SO  SO  NO  NO  NO  NO 

NO  NO  NO  NO  NO  NO  NO  NO  NO 


8 


wo 

CO 
NO 
NO  NO 
NO  NO 


3 


si 

„  ©  tO  ! 

Iff* 

-s  «  g  C 3  O  * 


1 

* 

a 


! 


3  2 -a  s.s-s 

■E^o-2  *  | 

H  lw  U  In  ' 

■si  .8.8 

af  III!, 

■f*  Qj  .O  ^  Z  4) 

Q  C/3  >-“  C/3 

CO  Tf  VO 


96  Evaluation  of  the  Surface-Water  Quantity,  Surface-Water  Quality,  and  Rainfall  Data-Collectlon  Programs  In  Hawaii 


Table  5.  Surface-water  gaging  stations,  island  of  Hawaii,  through  1994 

[P,  in  operation  1994  water  year,  makai,  oceanside;  mauka,  mountainside;  --  less  than  1  complete  year  of  record] 
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Table  5.  Surface-water  gaging  stations,  island  of  Hawaii,  through  1994-Continued 
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Table  21.  Stations  where  surface-water  quality  data  have  been  collected  on  the  island  of  Kauai,  Hawaii,  through  1994 


Type  of  water- 


Station 

Station  name 

quality  data 
available2 

Period  of  record 

Years  of 
record3 

16010000 

Kawaikoi  Stream  near  Waimea . 

N 

1976-89 

14 

P 

1976-77 

2 

16014000 

Kokee  Ditch  near  Waimea . 

N 

1976-83 

8 

P 

1976-77 

2 

160190001 

Waialae  Stream  at  altitude  3,820  feet  near  Waimea . 

N 

1972-p 

22 

P 

1972-p 

22 

160310001 

Waimea  River  near  Waimea . 

O 

197 1-p 

23 

P 

197 1-p 

23 

Q 

1974-p 

20 

R 

1974-81 

8 

16036000 

Makaweli  River  near  Waimea . 

N 

1976-89 

14 

P 

1976-77 

2 

16049000 

Hanapepe  River  below  Manuahi  Stream  near  Eleele . 

N 

1971-89 

19 

P 

1971-77 

7 

16052500 

Lawai  Stream  near  Koloa . 

N 

1972-76 

5 

P 

1972-76 

5 

16054500 

Kuia  Stream  near  Puhi . 

N 

1971-76 

6 

P 

1971-76 

6 

16055000 

Huleia  Stream  near  Lihue . 

N 

1971-76 

6 

P 

1971-76 

6 

16060000 

South  Fork  Wailua  River  near  Lihue . 

N 

1971-89 

19 

P 

1971-77 

7 

16061000 

North  Wailua  Ditch  near  Lihue . 

N 

1976-85 

10 

P 

1976-77 

2 

16061200 

North  Wailua  Ditch  below  Waikoko  Stream  near  Lihue . 

N 

1976-89 

14 

P 

1976-77 

2 

16062000 

Stable  Storm  Ditch  near  Lihue . 

N 

1976-89 

14 

P 

1976 

1 

16063000 

North  Fork  Wailua  River  at  altitude  650  feet  near  Lihue . 

N 

1976-85 

10 

P 

1976 

1 

16068000 

East  Branch  of  North  Fork  Wailua  River  near  Lihue . 

N 

1972-89 

18 

P 

1972-77 

6 

16069000 

Wailua  Ditch  near  Kapaa . 

N 

1976-89 

14 

P 

1976-77 

2 

16071000 

North  Fork  Wailua  River  near  Kapaa . 

N 

1971-89 

19 

P 

1971-77 

7 

16071500 

Left  Branch  Opaekaa  Stream  near  Kapaa . 

N 

1976-89 

14 

P 

1976-77 

2 

16077000 

Makaleha  Ditch  near  Kealia . 

N 

1976-89 

14 

P 

1976-77 

2 

16079000 

Kapahi  Ditch  near  Kealia . 

N 

1976-89 

14 

P 

1976 

1 

16080000 

Kapaa  Stream  at  Kapahi  Ditch  intake  near  Kapaa . 

N 

1976-85 

10 

P 

1976-77 

2 

16087000 

Anahola  Ditch  wasteway  near  Kealia . 

N 

1976-85 

10 

P 

1976 

1 

16088000 

Anahola  Ditch  above  Kaneha  Reservoir  near  Kealia . 

N 

1976-89 

14 

P 

1976-77 

2 

16089000 

Anahola  Stream  near  Kealia . 

N 

1976-85 

10 

P 

1976-77 

2 

16091000 

Lower  Anahola  Ditch  near  Kealia . 

N 

1976-82 

10 

1985-87 

1 

P 

1976 

16093200 

Anahola  Stream  at  Anahola . 

N 

1971-83 

13 

P 

1971-77 

7 

16097500 

Halaulani  Stream  at  altitude  400  feet  near  Kilauea . 

N 

1976-89 

14 

P 

1976-77 

2 
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Table  21.  Stations  where  surface-water  quality  data  have  been  collected  on  the  island  of  Kauai,  Hawaii,  through  1994 
--Continued 


Station 

Station  name 

Type  of  water- 
quality  data 
available2 

Period  of  record 

Years  of 
record^ 

16100000 

Hanalei  tunnel  outlet  near  Lihue . 

.  N 

1976-85 

10 

P 

1976-77 

2 

16103000 

Hanalei  River  near  Hanalei . 

.  N 

1971-89 

19 

P 

1971-77 

8 

1979 

1 

Q 

1979 

16108000 

Wainiha  River  near  Hanalei . 

.  N 

1971-89 

19 

P 

1971-77 

7 

In  operation  1994  water  year 

N,  Physical 

O,  Physical  (including  instantaneous  sediment) 

P,  Common  ions,  metals,  and  general  organic  parameters 

Q,  Biological 

R,  Phytoplankton  taxonomy  tables 

S,  Pesticide 

T,  Continuous  records  of  specific  conductance 

U,  Continuous  records  of  suspended  sediment  discharge 

V,  Continuous  records  of  water  temperature 

Number  of  water  years  for  which  water-quality  data  are  available 
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Table  22.  Stations  where  surface-water  quality  data  have  been  collected,  island  of  Oahu,  Hawaii,  through  1994 


Type  of  water- 

Years 

quality  data 

Period  of 

of 

Station 

Station  name 

available2 

record 

record3 

16200000 

North  Fork  Kaukonahua  Stream  above  Right  Branch  near 

N 

1970-86 

17 

Wahiawa . 

O 

1968 

1 

P 

1970-77 

8 

16201000 

Right  Branch  of  North  Fork  Kaukonahua  Stream  near 

N 

1971 

1 

Wahiawa . 

P 

1971 

1 

16204000 

North  Fork  Kaukonahua  Stream  near  Wahiawa . 

N 

1970 

1 

P 

1970 

1 

16208000 

South  Fork  Kaukonahua  Stream  at  east  pump  reservoir  near 

N 

1971-86 

16 

Wahiawa . 

O 

1968,  1970 

2 

P 

1970-77 

8 

16208500 

Right  Branch  of  South  Fork  Kaukonahua  Stream  near 

N 

1970,  1976 

2 

Wahiawa . 

O 

1968 

1 

P 

1970, 1976 

2 

16210500 

Kaukonahua  Stream  at  Waialua . 

N 

1970 

1 

P 

1970 

1 

16211000 

Poamoho  Stream  near  Wahiawa . 

O 

1968,  1970 

2 

16211600 

Makaha  Stream  near  Makaha . 

N 

1972-86 

15 

O 

1968-71 

4 

P 

1970-77 

8 

16211800 

Kaupuni  Stream  at  altitude  374  feet  near  Waianae . 

N 

1971-73 

3 

O 

1970 

1 

P 

1970-73 

4 

16212500 

Honouliuli  Stream  near  Waipahu . 

N 

1976 

1 

16212800 

Kipapa  Stream  near  Wahiawa . 

N 

1983-86 

4 

O 

1968, 1970-82 

14 

P 

1970-77 

8 

u 

1973-82 

10 

16212900 

Kipapa  Stream  near  Waipahu . 

0 

1967-68 

2 

162130001 

Waikele  Stream  at  Waipahu . 

o 

1967-p 

27 

p 

1970-p 

24 

Q 

1974-p 

20 

R 

1974-81 

8 

S 

1975-82 

8 

T 

1973-81 

9 

U 

1972-93 

22 

V 

1973-81 

9 

16216000 

Waiawa  Stream  near  Pearl  City . 

N 

1973-86 

14 

O 

1968-72 

5 

P 

1970-77 

8 

16216500 

Waimano  flood  channel  at  Pearl  City . 

N 

1976 

1 

16218000 

Pearl  Harbor  Springs  at  Loko  Kukona . 

O 

1976 

1 

16223000 

Waimalu  Stream  near  Aiea . 

O 

1968,  1970-71 

3 

16224500 

Kalauao  Stream  at  Moanalua  Road  at  Aiea . 

N 

1970,  1972-82 

12 

O 

1968,  1971 

2 

P 

1970-77 

8 

16225 800 1 

North  Halawa  Stream  near  Kaneohe . 

O 

s 

1991— p 

1991 

3 

1 

u 

1991— p 

3 

16226000 

North  Halawa  Stream  near  Aiea . 

N 

1970-86 

17 

P 

1970-71,  1973 

5 

1976-77 

1 6226200 1 

North  Halawa  Stream  near  Honolulu . 

0 

p 

1983-p 

1983-84, 

11 

9 

1987-p 

Q 

1983-84, 

9 

1987-p 

S 

1984,  1987-p 

8 

u 

1983-p 

11 
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Table  22.  Stations  where  surface-water  quality  data  have  been  collected,  island  of  Oahu,  Hawaii,  through  1994--Continued 


Station 

Station  name 

Type  of  water- 
quality  data 
available2 

Period  of 
record 

Years 

of 

record3 

162271001 

Halawa  Stream  below  HI . 

O 

1989-p 

5 

P 

1989-p 

5 

Q 

1989-p 

5 

s 

1989-p 

5 

16227500 

Moanalua  Stream  near  Kaneohe . 

o 

1970-71,  1974, 

5 

1976-77 

p 

1970-71,  1974, 

5 

1976, 1977 

Q 

1977 

1 

u 

1972-78 

7 

16227700 

Moanalua  Stream  tributary  near  Kaneohe . 

N 

1976-77 

2 

O 

1970-74 

5 

P 

1970-71, 1974 

5 

1976-77 

Q 

1977 

1 

16227900 

Moanalua  Stream  tributary  near  Aiea . 

o 

1973-77 

5 

p 

1974 

1 

16228000 

Moanalua  Stream  near  Honolulu . 

o 

1970-72,  1977 

4 

p 

1970-71, 1977 

3 

Q 

1977 

1 

16228200 

Moanalua  Stream  near  Aiea . 

o 

1969,  1971, 

13 

1974-84 

p 

1974-77,  1979 

5 

Q 

1977 

1 

16228600 

Moanalua  Stream  near  Tripler  Hospital . 

N 

1976-77 

2 

O 

1971,  1975 

2 

P 

1976-77 

2 

Q 

1977 

1 

16228900 

Kalihi  Stream  near  Kaneohe . 

N 

1970 

1 

O 

1968 

1 

16229000 

Kalihi  Stream  near  Honolulu . 

N 

1980-93 

14 

O 

1969-79 

11 

P 

1969,  1972-93 

23 

16229300 

Kalihi  Stream  at  Kalihi . . 

O 

1967-93 

27 

P 

1970-93 

24 

Q 

1967, 1975-93 

20 

R 

1975-81 

7 

S 

1975-82 

8 

16232000 

Nuuanu  Stream  below  reservoir  2  wasteway  near  Honolulu  . . . 

N 

1970-86 

17 

P 

1970-77 

8 

16238500 

Waihi  Stream  at  Honolulu . 

N 

1972-83 

12 

O 

1970-71 

2 

P 

1970-77 

8 

16240500 

Waiakeakua  Stream  at  Honolulu . 

N 

1972-86 

15 

O 

1970-71 

2 

P 

1970-77 

8 

16244000 

Pukele  Stream  near  Honolulu . . 

N 

1970,  1973-82 

11 

P 

1970,  1973-77 

6 

16246000 

Waiomao  Stream  near  Honolulu . 

N 

1970 

1 

16247000 

Palolo  Stream  near  Honolulu . 

N 

1970-79 

10 

P 

1970-77 

8 

16247100 

Manoa-Palolo  drainage  canal  at  Moiliili . 

N 

1971-76 

6 

P 

1971-76 

6 

16249000 

Waimanalo  Stream  at  Waimanalo . 

N 

1971-75 

5 

O 

1968,  1970 

2 

P 

1970-75 

6 

16254000 

Makawao  Stream  near  Kailua . 

N 

1970,  1974-86 

14 

1968, 1972 

O 

1970,  1972, 1974, 

2 

P 

1976-77 

5 

16260500 

Maunawili  Stream  at  highway  61  near  Kailua . 

O 

1967-75 

9 

P 

1969-75 

7 
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Table  22.  Stations  where  surface-water  quality  data  have  been  collected,  island  of  Oahu,  Hawaii,  through  1994--Continued 


Type  of  water- 

Years 

quality  data 

Period  of 

of 

Station 

Station  name 

available^ 

record 

record3 

16265500 

Left  Tributary  to  Right  Branch  of  Kamooalii  Stream 

N 

1983 

1 

near  Kaneohe . 

P 

1983 

1 

Q 

1983 

1 

162656001 

Right  Branch  Kamooalii  Stream  near  Kaneohe . 

0 

1983-p 

11 

p 

1983-p 

11 

Q 

1983-p 

11 

s 

1983-85,  1988-p 

9 

u 

1983-p 

11 

162657001 

Kamooalii  Stream  at  altitude  220  feet  near  Kaneohe . 

o 

1983-85,  1988-p 

9 

p 

1983-85,  1988-p 

9 

Q 

1983-85,  1988-p 

9 

s 

1983-84,  1991-p 

5 

16266000 

Kamooalii  Stream  near  Kaneohe . 

N 

1988-89 

2 

R 

1988-89 

2 

1 6266500 1 

Hooleinaiwa  Stream  at  altitude  220  feet  near  Kaneohe . 

O 

1983-84,  1988-p 

8 

P 

1983-84,  1988-p 

8 

Q 

1983-84,  1988-p 

8 

S 

1984,  1991-p 

4 

162675001 

Hooleinaiwa  Stream  above  confluence  with  Kamooalii  Stream 

O 

1983-85, 1988-p 

9 

near  Kaneohe . 

P 

1983-85,  1988-p 

9 

Q 

1983-85,  1988-p 

9 

s 

1983-85,  1991-p 

6 

162695001 

Kuou  Stream  at  altitude  220  feet  near  Kaneohe . 

o 

1983-85,  1988-p 

9 

p 

1983-85,  1988-p 

9 

Q 

1983-85,  1988-p 

9 

s 

1983-84,  1991-p 

5 

16270500 

Kamooalii  Stream  below  Kuou  Stream  near  Kaneohe . 

0 

1967-76 

10 

p 

1969-71,  1973,1976 

5 

u 

1972-76 

5 

162709001 

Luluku  Stream  at  altitude  220  feet,  near  Kaneohe . 

0 

1970,  1972, 1976, 

15 

p 

1978, 1983-p 

1970,  1972,  1976, 

14 

1983-p 

Q 

1983-p 

11 

s 

1983-86,  1988-p 

10 

u 

1985-p 

9 

1 6272200 1 

Kamooalii  Stream  below  Luluku  Stream  near  Kaneohe . 

o 

1977-p 

17 

p 

1977,  1983-p 

12 

Q 

1983-p 

11 

s 

1983-85,  1987-p, 

10 

u 

1977-p 

17 

16273900 

Kamooalii  Stream  at  Kaneohe . 

0 

1967-80 

14 

p 

1969-77 

9 

162739501 

South  Fork  Kapunahala  Stream  at  Kaneohe . 

o 

1985,  1987-p 

8 

p 

1987-p 

7 

Q 

1987-p 

7 

s 

1987-p 

7 

u 

1991-p 

3 

162741001 

Kaneohe  Stream  below  Kam  highway . 

o 

p 

1989-p 

1989-p 

5 

5 

Q 

1989-p 

5 

s 

1989-p 

5 

162750001 

Haiku  Stream  near  Heeia . 

N 

1970-77,  1986 

9 

o 

1983-85,  1987-p 

10 

p 

1970-77,  1983-84, 

16 

1988-p 

Q 

1983-84,  1988-p 

8 

s 

1983-84,  1988-p 

8 

u 

1984,  1987-p 

8 

16283000 

Kahaluu  Stream  near  Heeia . 

N 

1970 

1 

16283200 

Kahaluu  Stream  near  Ahuimanu . 

N 

1984-86 

3 
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Table  22.  Stations  where  surface-water  quality  data  have  been  collected,  island  of  Oahu,  Hawaii,  through  1994-Continued 


Station 

Station  name 

Type  of  water- 
quality  data 
available2 

Period  of 
record 

Years 

of 

record3 

16283500 

Kahaluu  Stream  at  Kahaluu . 

O 

1967-73 

7 

P 

1969-73 

5 

16283600 

South  Fork  Waihee  Stream  near  Heeia . 

N 

1971,  1976-86 

12 

P 

1971,  1976-77 

3 

16283700 

North  Fork  Waihee  Stream  near  Heeia . 

N 

1971,  1976-86 

12 

P 

1971,  1976-77 

3 

16284000 

Waihee  Stream  near  Heeia . 

N 

1970-71,1976-82 

9 

P 

1970-71,  1976-77 

4 

16284200 

Waihee  Stream  near  Kahaluu . 

N 

1976-86 

11 

P 

1976-77 

2 

16284500 

Waihee  Stream  at  Kahaluu . 

O 

1967-73,1976-81 

13 

P 

1969-73,  1976-81 

11 

16294900 

Waikane  Stream  at  altitude  75  feet.at  Waikane . 

N 

1970-86 

17 

P 

1970-77 

8 

16296500 

Kahana  Stream  at  altitude  30  feet,  near  Kahana . 

N 

1970-81,1983-86 

16 

P 

1970-77 

8 

16302000 

Punaluu  Ditch  near  Punaluu . 

N 

1973,  1976-79,1986 

6 

P 

1973,  1976 

2 

16303000 

Punaluu  Stream  near  Punaluu . 

N 

1970-86 

17 

P 

1970-77 

8 

16304200 

Kaluanui  Stream  near  Punaluu . 

N 

1970-81,  1983-86 

16 

P 

1970-77 

8 

16308990 

Malaekahana  Stream  near  Laie . 

N 

1970-71 

2 

P 

1970-71 

2 

16325000 

Kamananui  Stream  at  Pupukea  military  road  near  Maunawai .... 

N 

1976-86 

11 

O 

1970, 1973 

2 

P 

1970, 1973, 1976- 

4 

77 

16329000 

Kaiwikoele  Stream  tributary  near  Maunawai . 

O 

1968-69 

2 

16330000 

Kamananui  Stream  at  Maunawai . 

N 

1971-86 

16 

O 

1968,  1970 

2 

P 

1970-77 

8 

16343000 

Helemano  Stream  at  Haleiwa . 

N 

1971-82 

12 

O 

1968, 1970 

2 

P 

1970-77 

8 

16345000 

Opaeula  Stream  near  Wahiawa . 

N 

1975-86 

12 

O 

1968, 1970-74 

6 

P 

1970-77 

8 

16350000 

Opaeula  Stream  near  Haleiwa . 

N 

1971-73 

3 

P 

1971-73 

3 

1  In  operation  1994  water  year 

2  N  =  Physical  parameters 


O  =  Physical  (including  instantaneous  sediment)  parameters. 

P  =  Common  ions,  metals,  and  general  organic  parameters. 

Q  =  Biological  parameters 
R  =  Phytoplankton  taxonomy  tables 
S  =  Pesticide  parameters 
T  =  Continuous  records  of  specific  conductance 
U  =  Continuous  records  of  suspended  sediment  discharge 
V  =  Continuous  records  of  water  temperature 
^  Number  of  water  years  for  which  water-quality  data  are  available 
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Table  23.  Stations  where  surface-water  quality  data  have  been  collected  on  the  island  of  Molokai,  Hawaii 


Station 

Station  name 

Type  of  water- 
quality  data 
available2 

Period 

of 

record 

Years  of 
record3 

1 6400000 1 

Halawa  Stream  near  Halawa . 

O 

1969-p 

25 

P 

1969-p 

25 

Q 

1975-p 

19 

R 

1975-81 

7 

16403900 

Kawainui  Stream  near  Pelekunu . 

N 

1976-80,  1982-83 

7 

P 

1976-77 

2 

16404000 

Pelekunu  Stream  near  Pelekunu . 

N 

1969-82 

14 

P 

1969-77 

9 

16404200 

Pilipililau  Stream  near  Pelekunu . 

N 

1976-89 

14 

P 

1976-77 

2 

16405100 

Molokai  Tunnel  at  east  Portal . 

N 

1980-89 

10 

16405300 

Molokai  Tunnel  at  west  Portal . 

N 

1969-71,  1976-89 

17 

P 

1969-71,  1976-77 

5 

16405500 

Waikolu  Stream  at  altitude  900  feet  near  Kalaupapa . 

N 

1969-70,  1972-89 

20 

P 

1969-70,  1972-76 

7 

16408000 

Waikolu  Stream  below  pipeline  crossing  near  Kalaupapa 

N 

1969, 1971, 1976-89 

16 

P 

1969,  1971, 1976-77 

4 

16414000 

Kaunakakai  Gulch  near  Kaunakakai . 

N 

1972,  1977 

2 

P 

1972 

1 

16415000 

East  Fork  Kawela  Gulch  at  Kaunakakai . 

N 

1969-72 

4 

P 

1969-72 

4 

16416000 

Punaula  Gulch  near  Pukoo . 

N 

1969-71 

3 

P 

1969-71 

3 

16419500 

Papio  Gulch  at  Halawa . 

N 

1971-72,  1976-89 

16 

P 

1971-72,  1976 

3 

*  In  operation  1994  water  year 

2  N  =  Physical  parameters. 

O  =  Physical  (including  instantaneous  sediment)  parameters. 

P  =  Common  ions,  metals,  and  general  organic  parameters. 

Q  =  Biological  parameters. 

R  =  Phytoplankton  taxonomy  tables. 

S  =  Pesticide  parameters. 

T  =  Continuous  records  of  specific  conductance. 

U  =  Continuous  records  of  suspended-sediment  discharge. 

V  =  Continuous  records  of  water  temperature. 

3  Number  of  water  years  for  which  water-quality  data  are  available. 
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Table  24.  Stations  where  surface-water  quality  data  have  been  collected  on  the  island  of  Maui,  Hawaii 


Type  of  water-quality 

Period  of 

Years  of 

Station 

Station  name 

data  available2 

record 

record3 

16501000 

Kepuni  Gulch  near  Kahikinui  House . 

.  N 

1972-83 

12 

P 

1972-77 

6 

16508000 

Hanawi  Stream  near  Nahiku . 

.  N 

1972-89 

18 

P 

1972-77 

6 

16512000 

Koolau  Ditch  at  Nahiku  weir  near  Nahiku . 

.  N 

1976-85 

10 

P 

1976-77 

2 

16518000 

West  Wailuaiki  Stream  near  Keanae . 

.  N 

1972-89 

18 

P 

1972-77 

6 

16523000 

Koolau  Ditch  near  Keanae . 

.  N 

1976-85 

10 

P 

1976-77 

2 

16531000 

Kula  diversion  from  Haipuaena  Stream  near  Olinda. . 

.  N 

1976-85 

10 

P 

1976-77 

2 

16538000 

Spreckels  Ditch  at  Haipuaena  weir  near  Huelo . 

.  N 

1976-85 

10 

P 

1976-77 

2 

16541000 

Koolau  Ditch  at  Haipuaena  near  Huelo . 

.  N 

1976-87 

12 

P 

1976-77 

2 

16541500 

Manuel  Luis  Ditch  at  Puohokamoa  Gulch  near  Huelo . 

.  N 

1976-85 

10 

P 

1976-77 

2 

16570000 

Nailiihaele  Stream  near  Huelo . 

.  N 

1972-75 

4 

P 

1972-75 

4 

16587000 

Honopou  Stream  near  Huelo . 

.  N 

1976-89 

14 

P 

1976-77 

2 

16588000 

Wailoa  Ditch  at  Honopou  near  Huelo . 

.  N 

1972-87 

16 

P 

1972-77 

6 

16589000 

New  Hamakua  Ditch  at  Honopou  near  Huelo . 

.  N 

1976-85 

10 

P 

1976-77 

2 

16592000 

Lowrie  Ditch  at  Honopou  Gulch  near  Huelo . 

.  N 

1976-85 

10 

P 

1976-77 

2 

16594000 

Haiku  Ditch  at  Honopou  Gulch  near  Kailua . 

.  N 

1976-85 

10 

P 

1976-77 

2 

16599500 

Opana  Tunnel  near  Kailiili . 

.  N 

1972-89 

18 

P 

1972-76 

5 

16604500 

Iao  Stream  at  Kepaniwai  Park  near  Wailuku . 

.  N 

1984-89 

6 

16607000 

Iao  Stream  at  Wailuku . . 

.  N 

1972-82 

11 

P 

1972-77 

6 

16614000 

Waihee  River  at  dam  near  Waihee . 

.  N 

1984-89 

6 

1668180001 

Kahakuloa  Stream  near  Honokohau . 

.  O 

1975-p 

19 

P 

1975-p 

19 

Q 

1975-p 

19 

R 

1975-81 

7 

16620000 

Honokohau  Stream  near  Honokohau . 

.  N 

1972-89 

18 

P 

1972-77 

6 

16638500 

Kahoma  Stream  at  Lahaina . 

.  N 

1977-89 

13 

P 

1977 

1 

16645000 

Olowalu  Ditch  near  Olowalu . 

.  N 

1972 

1 

P 

1972 

1 

16646200 

Olowalu  Stream  at  Olowalu . 

.  N 

1972-75 

4 

P 

1972-75 

4 

*  In  operation  1994  water  year 
^  N  =  Physical  parameters 

O  =  Physical  (including  instantaneous  sediment)  parameters 
P  =  Common  ions,  metals,  and  general  organic  parameters 
Q  =  Biological  parameters 
R  =  Phytoplankton  taxonomy  tables 
^  Number  of  water  years  for  which  water-quality  data  are  available 


S  =  Pesticide  parameters 
T  =  Continuous  records  of  specific  conductance 
U  =  Continuous  records  of  suspended-sediment  discharge 
V  =  Continuous  records  of  water  temperature 
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Table  25.  Stations  where  surface-water  quality  data  have  been  collected,  island  of  Hawaii,  Hawaii 


Type  of  water- 


Station 

Station  name 

quality  data 
available2 

Period  of  record 

Years  of 
record^ 

16700000 

Waiakea  Stream  near  Mountain  View . 

N 

1972-89 

18 

P 

1972-77 

6 

16700900 

Olaa  Flume  Spring  near  Kaumana . 

N 

1976-89 

14 

P 

1976-77 

2 

16700950 

Lyman  Springs  No.  2  near  Piihonua . 

N 

1981-89 

9 

16701750 

Wailuku  River  near  Humuula . 

N 

1976-82 

7 

P 

1976,1978 

2 

Q 

1978 

1 

16701800 

Wailuku  River  near  Kaumana . 

N 

1976-82 

7 

P 

1976,1978 

2 

Q 

1978 

1 

16704000 

Wailuku  River  near  Piihonua . 

N 

1980-89 

10 

O 

1972-79 

8 

P 

1972-79 

8 

Q 

1975-79 

5 

R 

1975-79 

5 

T 

1975-79 

5 

V 

1975-79 

5 

16713000 

Wailuku  River  at  Hilo . 

O 

1977-93 

17 

P 

1977-93 

17 

Q 

1977-93 

17 

R 

1980-81 

2 

T 

1983-85 

3 

U 

1977-84 

8 

V 

1983-85 

3 

16717000 

Honolii  Stream  near  Papaikou . 

O 

1969-93 

25 

P 

1969-93 

25 

Q 

1977-93 

17 

S 

1970-73 

12 

1975-82 

16717600 

Alia  Stream  near  Hilo . 

N 

1981 

1 

P 

1981 

1 

16717800 

Pohakupuka  Stream  near  Papaaloa . 

N 

1972-79 

8 

P 

1972-77 

6 

16717820 

Manowaiopae  Stream  near  Laupahoehoe . 

N 

p 

1981 

1981 

1 

1 

16720000 

Kawainui  Stream  near  Kamuela . 

N 

1976-89 

14 

P 

1976-77 

2 

16720300 

Kawaiki  Stream  near  Kamuela . 

N 

1976-89 

14 

* 

P 

1976-77 

2 

16720500 

Upper  Hamakua  Ditch  below  Kawaiki  Stream  near 

N 

1976-89 

14 

Kamuela . 

P 

1976 

16724800 

Upper  Hamakua  Ditch  above  Alakahi  Stream  near 

N 

1974-89 

16 

Kamuela . 

P 

1974-77 

4 

16725000 

Alakahi  Stream  near  Kamuela . 

N 

1974-89 

16 

P 

1974-77 

4 

16726000 

Upper  Hamakua  Ditch  above  Waimea  Reservoir 

N 

1976-89 

14 

diversion  near  Kamuela . 

P 

1976-77 

2 

16727000 

Upper  Hamakua  Ditch  above  Puukapu  Reservoir  near 

N 

1978-80 

10 

Kamuela . 

1982-88 

16733100 

Lower  Hamakua  Ditch  below  main  weir  near 

N 

1981 

1 

Kukuihaele . 

P 

1981 

1 

16737500 

Waimanu  Stream  near  Kamuela . 

O 

1991— p 

3 

P 

1991— p 

3 

Q 

1991— p 

3 

s 

1991— p 

3 

16755000 

Kehena  Ditch  near  Kohala . 

N 

1969 

1 

P 

1969 

1 

16756000 

Kohakohau  Stream  near  Kamuela . 

N 

1972-89 

18 

P 

1972-77 

6 

16758000 

Wailoloa  Stream  at  Marine  Dam  near  Kamuela . 

N 

1972-89 

18 

P 

1972-77 

6 
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Table  25.  Stations  where  surface-water  quality  data  have  been  collected,  island  of  Hawaii,  Hawaii-Continued 


Station 

Station  name 

Type  of  water- 
quality  data 
available2 

Period  of  record 

Years  of 
record^ 

16759000 

Hauani  Gulch  near  Kamuela . 

N 

1976-S9 

14 

P 

1976-77 

2 

16759200 

Right  Branch  Waiaha  Stream  near  Holualoa . 

N 

1972-82 

11 

P 

1972-77 

6 

16759800 

Kiilae  Stream  near  Honaunau . 

N 

1974-82 

9 

P 

1974-77 

4 

16764000 

Hilea  Gulch  tributary  near  Honuapo . 

N 

1972-89 

18 

P 

1972-77 

6 

16765000 

Hilea  Gulch  tributary  2  near  Honuapo . 

N 

1976-80 

5 

P 

1976 

1 

16767000 

Ninole  Gulch  near  Punaluu . 

N 

1976,1982 

2 

P 

1976 

1 

16770500 

Paauau  Gulch  at  Pah  ala . 

N 

1976,1979 

2 

P 

1976 

1 

*  *In  operation  1994  water  year 
2  N  =  Physical  parameters 

O  =  Physical  (including  instantaneous  sediment)  parameters 
P  =  Common  ions,  metals,  and  general  organic  parameters 
Q  =  Biological  parameters 
R  =  Phytoplankton  taxonomy  tables 
S  =  Pesticide  parameters 
T  =  Continuous  records  of  specific  conductance 
U  =  Continuous  records  of  suspended-sediment  discharge 
V  =  Continuous  records  of  water  temperature 
^  Number  of  water  years  for  which  water-quality  data  are  available 
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Table  26.  Active  rain  gages  on  the  island  of  Kauai,  Hawaii,  March,  1993-Continued 
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Table  26.  Active  rain  gages  on  the  island  of  Kauai,  Hawaii,  March,  1 993--Continued 
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Table  27.  Active  rain  gages  on  the  island  of  Oahu,  Hawaii,  March  1 993--Continued 
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Table  27.  Active  rain  gages  on  the  island  of  Oahu,  Hawaii,  March  1 993--Continued 
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Table  27.  Active  rain  gages  on  the  island  of  Oahu,  Hawaii,  March  1 993--Continued 
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Table  29.  Active  rain  gages  on  the  Island  of  Maui,  Hawaii,  March  1 993-Continued 
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Table  30.  Active  rain  gages  on  the  island  of  Hawaii,  Hawaii,  March  1993-Continued 
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Table  30.  Active  rain  gages  on  the  island  of  Hawaii,  Hawaii,  March  1 993--Continued 
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Table  30.  Active  rain  gages  on  the  island  of  Hawaii,  Hawaii,  March  1993--Continued 
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Fontaine,  R.A.,  1996,  Surface-water  dtat-collection,  Hawaii 
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